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Summary

The high-power nanosecond laser system was deployed by Osaka University
Focal spot smoothing and monitoring system for the high-power nanosecond laser are developed under the SACLA Basic Development Program lead by N. Ozaki of Osaka 
University
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p The laser-driven dynamic compression pump and X-ray free-electron laser (XFEL) probe enables probing ultrafast lattice-level 
dynamical phenomena

p An experimental platform for combinative use of high-power nanosecond laser and XFEL designed for exploring dynamically 
compressed matters is available at SACLA [Y. Inubushi+, Appl. Sci. 10, 2224 (2020)]

p The platform is compatible with X-ray diffraction (XRD), small-angle X-ray scattering (SAXS), and X-ray imaging measurements
p Focal spot smoothing system for high-power nanosecond laser is now open to users
p Variable and fixed attenuators for laser energy adjustment have been developed and are operational
p Improvements of usability, stability, and functionality of the platform are ongoing

High-power nanosecond laser

Pulse Energy > 15 J@5 ns on sample (current)
Spot size 150–250 µm (typical)

Wavelength 532 nm
Repetition Rate 0.1 Hz

XFEL

Beamline BL3
Beam size sub-µm to 10s um (KB mirror focusing)

~600 µm (Unfocused)
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Other improvements

ated using the SCSS+ accelerator [Fig. 2 (a)] (Owada, Togawa
et al., 2018). Given that the SCSS+ accelerator is triggered by
the same timing system of the SACLA main LINAC, the FEL
pulses of the three beamlines are synchronized. The jitter
resulting from the timing system is expected to be!50 fs (root
mean square) or smaller. Thus, the users can simultaneously
use soft X-ray (SX) and hard X-ray (HX) FELs for their
experiments. One possible scheme involves the use of the BL1
SX and BL2 HX beams at EH4b [Fig. 4(a)], for which the SX
beam can be transported with total-reflection mirrors.

The three beamlines are currently in operation at SACLA,
which covers a broad spectral range from extreme ultraviolet
to soft and hard X-rays.

3. Photon beamlines and experimental stations

This section describes the major updates from previous
reports (Tono et al., 2017; Tono & Hara, 2017). Fig. 4 presents
the layout of the photon beamlines and experimental hutches

(EHs) (Yabashi et al., 2017). The major roles of the photon
beamlines and EHs are summarized in Table 2.

At the SXFEL beamline (BL1), new components were
installed for pulse arrival-time monitoring with a resolution of
the order of 10 fs. A cross-correlation technique was employed
in the arrival-time monitor, by which the SXFEL-induced
change in the optical reflectivity of GaAs is probed by
the femtosecond optical-laser pulses. Details of this moni-
toring system are described in separate articles (Owada,
Nakajima et al., 2018; Owada et al., 2019). This beamline

beamlines
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Figure 2
XFEL pulse energies of the three beamlines: (a) BL1, (b) BL2 and (c)
BL3. Red dots represent single-shot results and black lines indicate
averaged values over 1 s. The pulse energies of BL1 were measured after
the beamline slit, and those of BL2 and BL3 were measured during the
multiple-beamline operation. The electron beam energies and K values
were 0.78 GeVand 2.1 for BL1, 6.5 GeVand 2.6 for BL2, and 7.8 GeVand
2.1 for BL3. The laser pulse frequencies were 60 Hz for BL1 and 30 Hz
for BL2 and BL3.

Figure 4
Photon beamlines and experimental hutches at SACLA: (a) SACLA
experimental hall and (b) SACLA-SPring-8 Experimental Facility have
six and two experimental hutches, respectively. EH: experimental hutch;
OH: optics hutch; LH: laser hutch; and SR: synchrotron radiation.

Figure 3
XFEL pulse energies of BL2 and BL3 plotted as a function of the CSR
intensity measured at BC3. Red and blue dots represent the data of BL2
and BL3, respectively.
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p Development of user-friendly operation system
l Operation system integration of the high-power laser and diagnostics for 

user experiments
l Automated data acquisition system and efficient data sharing system for 

non-standard detectors of SACLA (flat panel detector, streak cameras, 
laser monitors)

p Development of electromagnetic pulses (EMP) resistant system
l Protection of electronic equipment from EMP due to high-energy laser-

matter interactions
p Improvements of energy stability and temporal waveform controllability of the 

laser system
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p Wide angular range
l Scattering angle: 18–78 deg.
l Azimuthal angle: +/- 60 deg.

p Resolution of 0.1–0.2 degrees in scattering angle
p Tested at laser energies of up to 60 J

~0.2 deg.

See poster “Overview of Beamlines (BL1,2,3)” for more details on XFEL characteristics
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Variable and fixed attenuators for laser energy adjustment are now in operation

Fixed attenuator Variable attenuator

p Polarizer coupled with waveplate provides 
continuously-variable attenuation of laser 
energy for intensity scan

p Optical density < 1

p Mirror pair attenuates laser energy for 
laser characterization, synchronization, 
and pointing with fully amplified pulse

p Optical density > 6
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Diffractive optical elements (DOEs) for focal spot smoothing are now open to users

Large area flat panel detector (FPD) provides a wide angular range with a resolution 
of 0.1–0.2 degrees for X-ray diffraction measurement
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The platform is compatible with X-ray diffraction (XRD), small-angle X-ray scattering 
(SAXS), and X-ray imaging measurements along with velocity interferometry (VISAR) 
and optical pyrometry (SOP)

Ongoing

p Developments of X-ray diagnostics (imaging, spectroscopy) for the platform

p Flat top profiles with diameters 
of 150 and 250 µm are now 
available

p Spot monitoring system with 
spatial resolution of <2 µm has 
been developed

p Installation of DOEs for other 
spot sizes are planned
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