
Focused Spot
(not fully amplified)

FWHM(H) ~11 µm
FWHM(V) ~22 µm
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• X-ray free electron lasers (XFELs) provide new capabilities for high energy density science (HEDS) using high intensity lasers (HILs) as a probe 
or a pump because of its brilliance, transverse coherency, and ultrashort pulse duration.

• The experimental platform for combinative use of XFEL and HIL are now open for user experiments at SACLA. Two user experiments have 
been carried out in 2018A with the maximum laser power of ~200 TW.

• The relative jitter of arrival timing between XFEL and HIL is ~20 fs with a synchronization system using 5.7 GHz RF signal from SACLA.

Summary

Experimental platform using high-intensity laser with XFEL at SACLA
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Pulse energy and duration have met requirements to 
achieve power of 500 TW with 10-10 contrast

Experimental platform with high-intensity laser 
is open for early users’ experiments from 2018A

Single front-end synchronized with RF signals from SACLA 
is shared for two 500 TW beams

Target shots at high intensities have been carried out 
during commissioning of experimental platform

XFEL beam size at sample position can be varied down to 
a few µm by using CRLs without significant pointing offset

BL2

BL3

High Intensity Laser System
(BL2/EH6)

High Power Laser System
(BL3/EH5)

SACLA - SPring-8 Experimental Facility

High-intensity laser 
at EH6 Design Current

for User Expts.

Laser Energy 12.5 J ~8 J

Pulse Duration 25 fs ~40 fs

Peak Power 500 TW 200 TW

Number of Beams 2 1

Repetition Rate 1 Hz 1 shot/~3 min
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• 5.7 GHz (or 79.3 MHz) RF signal from SACLA is used in synchro-
lock system of the oscillator in the shared front-end.

• Zero-timing-jitter can be achieved between two optical laser pulses 
because of the front-end sharing.

• Two users’ experiments have been carried out in 
2018A.

• Over 900 shots have been taken with the high 
intensity laser in the two experiments.
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BOM-PD: Balanced Optical-Microwave Phase Detector (Menlo Systems)
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to Pump Lasers 
for Amps

Synchro-lock System
(79.3 MHz & 5.7 GHz)

Control Unit
BOM-PD

PD

SACLA RF Signals

CW Laser

Oscillator
 (Venteon, Laser Quantum)

to Frontend

Time Delay Unit

Fast & Slow Piezo Mounts

Interaction 
Chamber

Oscillator Stretcher kHz Regen Compressor

XPW Filter

StretcherBoosterPre Amp.Amp. 1

Compressor

Pump LaserPump Laser x3

Pump Laser x3

Amp. 2 Expander
Deformable Mirror

RF Signal from SACLA

Beam Splitter
Optical Delay

Beam #1 (East)

400 mW / 79.3 MHz (=5712/72) 800 mW / 1 kHz

XPW: Cross-polarized-wave generator

60 µJ / 1 kHz40 mJ / 1 Hz1.5 J / 1 Hz

17 J / 1 Hz
12.5 J/25 fs

Pulse Picker

25 W/ 1 kHz1.5 J/10 Hz

16 J/1 Hz

Synchro-lock System

Compressor

Pump Laser x3

Amp. 2 Expander
Deformable Mirror

17 J / 1 Hz

Pulse Picker

16 J/1 Hz

Diag. Bench (Monitors)

Beam #2 (West)

Pulse Energy Pulse Duration

*The measurements above were performed in single beam mode (ie. non-shared front-end)
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Required Energy

Output of Amp2

Output of Pulse Compressor

(= 1800 shots)

Detector Rise Time Repetition: 1 Hz
Pulse duration: ~ 30 fs
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Time [fs]

~25 fs
(FWHM)

~30 fs
(FWHM)

Pulse energy is attenuated after the full 
amplification before the pulse compression
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Pulse Contrast

10−10@−100 ps

10−8@−30 ps

Vacuum Electrons Laser-induced X-rays

~25 MeV~ 1 MeV
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Electron Energy [MeV]

1.1 MeV Slope
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Space [mm]

Cu Kα

Cu Kβ

Laser Condition: ~7 J on target, ~50 fs, ~10x20 µm2., ~1x1019 W/cm2

Sample: Cu (20 µm), Laser Inc. Angle: 45˚, Detector: IP (2 shots accumulated)

Slope temp. of ~1 MeV is consistent 
with the Ponderomotive scaling at 
the intensity of 1019 W/cm2.

•Good S/N with HOPG crystal
•Barely resolved Kα1 and Kα2

•No ionized Kα lines
[Updates] Focus optimization is now 
performed with fully amplified beam.

[Updates] CCD-based diagnostics of electrons and x-rays will 
be available in late 2018 for single shot measurements.

Optical Laser
(East)

Optical Laser
(West)

OAP (East)
f=1200 mm

OAP (West)
f=360 mmInteraction

Point Sample Monitor

Focus Monitor (opt. lasers)

XFEL (BL2)

X-ray Spec.
for Kα - Lyα of Ti - Ge
MPCCD Camera
(R&D: resistant system to EMP) Available Spaces for 

User Diagnostics

XI, SAXS…
Electron Spec.
for 1-50 MeV
Phosphor+CCD or IP 

Ion Detectors
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also used to overlap the opt. laser 
and XFEL in space and time
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Sample Stages
2D Scan for Foils

TOP VIEW
(1F of Target Chamber)

Relative timing jitter of XFEL and laser has been suppressed 
down to ~20 fs (less than the laser pulse duration)

Next challenges are on timing drift
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Horizontal Vertical

~3 µm
(FWHM)

Noise Level

10 keV XFEL
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GaAs

Opt. Laser

XFEL

Space

T0

73˚
Focused with CRL

Foot print: 150x700 µm2

Pencil Beam
~ 1 mm dia.

Opt. Laser Only
800 nm Bandpass Filter

1800 shots ave.

XFEL Only
No Filter

1800 shots ave.

Images of Transmitted (Emitted) Lights from GaAs

T0 defined as a pixel position where 
dI/dx reaches the minimum value.

Bandpass 
Filter

800+/-10 nm

Opt. Laser + XFEL
800 nm Bandpass Filter

Single Shot

Opt. Laser Delay

T0

Averaged Transmission Profile

Arrival Timing

Timing Jitter (3 min)

24 h

Moving Average (3 min)

Raw data with 
10 Hz rep-rate

Histogram for 24 hrs

Likely due to the aftereffect 
of beam down of XFEL


