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Summary

Two distinct experimental platforms for combinative use of high-power nanosecond and femtosecond lasers with an XFEL are available at SACLA.

The nanosecond laser platform is dedicated to exploring the states of dynamically compressed matter, utilizing X-ray diffraction, imaging, and small-angle
scattering.

The nanosecond laser with improved shot-to-shot stabilities has been open to users since FY2023, and further laser improvements are ongoing.

Various techniques have been developed and demonstrated at SACLA to diagnose matter under high-energy-density states at the femtosecond laser platform.
A newly developed in-vacuum sample changer for the femtosecond laser platform is expected to significantly improve the efficiency of experimental workflows.
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Overview of two experimental platforms with high-power lasers

High-power nanosecond laser at EH5 on BL3

"Dynamjic compression”

High-power nanosecond laser

High-power tfemtosecond laser at EH6 on BL2
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Timing drift +/- 500 fs / day
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Split-and-delay optics

Platform for dynamic compression with high-power nanosecond laser

The experimental chamber is designed for X-ray diffraction Measurement examples [Update] The ns laser with improved shot-to-shot
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Imaging » 0 o ;
. Kraus et al., Phys. Rev. Res. 5, 1022023 (2023) , . ,
—— . | | Further laser improvements are ongoing with Osaka
X-ray imaging | Turbulent plasma flow imaged with pm resolution

University

: um resolution over 1 mm FOV

O Arbitrary wave generation up to 20 ns
o Currently, only a 5 ns square pulse is available for
users' experiments.

Nanosecond laser

Transmission geometry Side-on geometry 14 o Future work will primarily focus on generating
b0 VISAR — square pulses with extended durations and step
(optional) VISAR / l pulses.

1A / o aer d Control of energy drift
SAXS/ : SAXS/ APEL BN o The laser energy drifts by 10% in 48 hours due to
Imaging \ Imaging ’ : gy y
EPD1 \ thermal instability.
Sample Sample G. Rigon, Physical Review E, 100(2), 021201 (2019). o Our current objective is to establish energy drift

G. Rigon et. al., Nat. Commun. 12, 2679 (2021).

control measures in FY2024.

Platform for High-energy density science with high-power femtosecond laser

Basic instruments regularly monitor laser-matter Various technigues have been developed and [Update] A newly developed sample changer enables quick
interactions along with XFEL measurements demonstrated at SACLA to diagnose matter under sample replacement without breaking the vacuum in the
high-energy-density states chamber
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Sample plate stocker

X-ray imaging with near absorption edge

Fast isochoric heating (ionization) in matter = Sample replacement currently requires several hours due to vacuum pumping

Image Area: ~2.3 . : . .
mage Area: ~2.3 mm sq OAP (Eastjm and the related realignment of the experimental system.

Resolution; ~8 um

EE a0 min (=110 XFEL imaging 9.05 keV/ P - = Anin-vacuum sample changer is anticipated to streamline experimental
detector 200 [Raiddie =g o ] onif |
3 - = workflows significantly. |
C“LZO u7m’ HAPG 0.1 mm 14m ifn‘;;(;", [Ve] transmission < = The newly developed in-vacuum sample changer features a capacity for:
aserd __ XELSkeVSumiT high-power T espeo E 2 - 20 sample plates stored within the in-side-the-chamber stocker.

“ [ " | e > = « 5 sample plates on the rotating disk (should be empty initially).

e [BE * 11 -100 @ = The time required to replace a single sample plate is approximately 5 minutes.
oot ‘ oot = = The sample changer is projected to be operational in Fiscal Year 2024.
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L -300 - Currently, we can mount 6 plates in the chamber for a day's operation.
paaanaitnsndios I sndiioesenaie X (um) Consequently, a capacity of 20 plates should suffice for a few days of data
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