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p We have developed a new experimental platform for combinative use of XFEL and high-energy nanosecond laser, designed for high 
energy density science (HEDS) applications

p The platform is compatible with XRD, SAXS, and imaging measurements
p Users’ experiments have been carried out in 2018B and 2019A with energies of up to 50 J
p Next steps are the followings;

l Improvements in the focus profile of the laser system
l Development of electromagnetic pulse resistant system
l Development of user-friendly operation scheme
l Improvements of energy stability and temporal waveform controllability of the laser system

Optical Laser Status Operational (recently upgraded)
Pulse Energy (current) > 50 J@10 ns

Wavelength 532 nm
Repetition Rate 0.1 Hz

XFEL Status Operational
Photon Energy 4 – 20 keV

Band Width, ∆E/E ~5 × 10-3 (pink beam)
~1 × 10-4 (monochromatic beam)

Pulse Energy ~ 600 µJ @10 keV
Pulse Duration < 10 fs
Repetition Rate 30 Hz
Focusing Optics KB Mirrors for Focus (down to sub-um)
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Colors

Reflection geometry Transmission geometry

Maintenance 
door for laser 
optics

Access door for 
experimental 
setup

Top view 
monitor
Dual 
MPCCD

View from access door

XFEL

Interaction chamber

Experimental configurations

Pump laser

Pump laser
(Fixed angle)

SAXS/
Imaging

2D detectors Flat panel detector Dual-MPCCD
Active area 204 � 153 mm2 50 � 50 mm2

Pixel number 2064 � 1548 1024 � 1024
Pixel size 99 um 50 um

Distance from 
sample

130–270 mm (reflection)
130 mm (transmission)

~630 mm

Inclination angle 45 deg. 40 deg.
2θ 18–78 deg. 

(FPD@130 mm)
20–50 deg. 

(sliding detector position)
Synchronization Synchronized by trigger 

system (start trigger)
Completely synchronized 

with SACLA system
DAQ Local PC (current) SACLA storage system
Place In vacuum In air

Cooling Water Water
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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 Improvements in the focus profile of the laser system
l Diffractive optical elements (flat-top profile with D=150 μm and 250 μm)
l Focus monitor system with high resolution (< 2 um)
1st delivery of phase plate is scheduled in early 2020 under the SACLA Basic 
Development Program (PI: N. Ozaki of Osaka University).
The system is planned to be available for users’ experiments after mid-2020.

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

matter interactions
l EMP monitoring system
We have experienced malfunctions of stages and CCD cameras on >50 J 
shots in the first experiments after the upgrade.

p Development of user-friendly operation scheme
l Operation system integration of optical laser and diagnostics for user 

experiments
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 Can resolve 0.2 degrees in scattering angle
p Tested at laser energies of up to 60 J

~0.2 deg.

20–55 deg.
SAXS/
Imaging

XFEL XFEL

Pump laser
(Fixed angle)

SAXS/
Imaging




