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High-power laser systems are available for combinative use with
hard X-ray FELs at SACLA

SACLA XFEL
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. Recent activities at the high-power nanosecond laser platform
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Recent activities at the high-power nanosecond laser platform

PHYSICAL REVIEW LETTERS 126, 175503 (2021)
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. Experimental platform with a high-power nanosecond laser

Experimental Chamber
o T\ |

High-power nanosecond laser

Pulse energy and
duration

Spot size (typical) 120/170/260 um FWHM

Up to 15 J@5ns on sample

Wavelength 532 nm
Rep. rate 0.1Hz
XFEL (BL3)
Photon energy 4-20 keV
Band width 1.3x 104 ~5x 103
EH5: Laser ccmpression exp. with i E— —) (monochrome, pink beam)
High-power Nanosecond laser = , =" Pulse energy ~600 pj @10keV
Wi | | LH5:High-power : Pulse duration <10 fs
e | = S V0 [ Nanosecond Laser §
=l I T I S = jr Rep. rate 30 Hz
) S S | Focusing optics KB mirror for focusing
RV 7 I (down to 0.5 um, 1D or 2D)
£ = d Lasers )z T e " Advanced operation Self-seeding
* I | Two color
SACLA - SPring-8 Experimental Facility Split-and-delay optics

Platform Was upgraded In 201 8 K. Miyanishi, SACLA Users Meeting 2022, 2nd May 2022 !



Experimental chamber is designed specifically for X-ray diffraction (XRD)
and X-ray imaging/small-angle X-ray scattering (SAXS) experiments of
laser-compressed materials using high-power nanosecond laser

| | ch
Experle c amber VISAR and SOP
Flat panel (Shock wave monitors)

detector (FPD)
for XRD

SAXS/
Imaging

Nanosecond laser

O VISAR and SOP are installed by Prof. Ozaki of Osaka Univ
O Configurations of XFEL and optical laser are fixed
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Orogress

Side view

Reflection
geometry

VISAR/SOP

FPD for XRD/ !

SAXS/

Imaging \

Sample

XFEL

Nanosecond laser

0 Has been used for
users’ experiments
since 2018B

Transmission
geometry

VISAR/SOP

SAXS/ /
Imagin
VA

Sample

XFEL

Nanosecond laser

0 Has been tested

Expansion of experimental configuration capability is in

Side-on
geometry

Nanosecond laser

O Has been used for X-ray
Imaging experiments

O VISAR compatible with side-

on geometry is under
development with the
cooperation of M. Koenig
and B. Albertazzi of LULI
Ecole polytechnique n
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Reflection geometry with the FPD at the top has been usead
for users’ experiments since 2018B
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O Angular range
® Scattering angle: 18-78 deg.
® Azimuthal angle: 40-140 deg.
O Resolution of ~0.1 degrees

K. Miyanishi, SACLA Users Meeting 2022, 2nd May 2022 '

N

w

N

-

o

Signal count (arb. unit)



been tested

XEELonly
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Sample

XRD pattern of Si
(NIST SRM 640e)

O Angular range
® Scattering angle: 14-72 deg.

® Azimuthal angle: 200-300 deg.

O Resolution of ~0.1 degrees
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Noise from laser-plasma (a few counts) degrades XRD data
with FPD at the bottom

Noise from laser-plasma
Filters

(Polyimide 250 um '
+Al12 um) Optical laser only o0
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10 px averaged profile

Needs to improve filtering
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nstallation of additional FPD to expand detection range is
nlanned

Additional

Existing
2theta 18-78 deg

"B ¢ Additional
—— (I 2theta 0-40 deg

Existing
2theta 14-72 deg
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Combination of femtosecond bright X-ray pulse and high-
resolution camera can capture fine images of shock
propagation

Shock wave propagation in plastic foil

Changeable

Scintillator objective Lens

Image Sensor et

x;y:/ \ . :
\ /

Sample: 500-uym-thick polystyrene Delay: 30 ns

Spot: 250 um d‘ia.' wi;ch DOE

1 um resolution with >1 mm field
of view with 10x objective

Delay: 50 ns

*Reference of the indirect x-ray imaging camera: T. Kameshima et al., Optics Letters 44, 1403 (2019).
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DOE Lens
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Diffractive optical elements (DOEs), or phase plates, are
available to provide smoothed guasi-tlat top profiles
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DOEs for diameters of 120, 170
and 260 ym in FWHM are
available

Additional DOEs for other spot sizes are under consideration.

Any inputs for the spot sizes are welcome.

Developed under the SACLA basic development program 2019 and 2020

by N. Ozaki/Osaka Univ., T. Okuchi/Kyoto Univ., and M. Koenig/LULI-CNRS.




Unfocused beam

Focused beam

1000 pm in 1/e?
600 pm in FWHM
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Down to ~0.5 um
Typical beam size at sample for X-ray diffraction
experiments is 10s pm
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XFEL beam size at sample position can be adjustec
from 0.5 pm to ~1T mm (unfocused beam) with KB mirror

430 nm in horizontal
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The KB mirror is compatible with photon energy of up to 15 keV
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. Advanced operations of BL3 are applicable to the platform

Self-seeded XFELSs Two-color XFELs

Side view
ID 4-8 Si 111 Steering ID 12-22

channel-cut magnets

electron bunch :SASE-XFEL crystal 7 \
“ \\4 = .\l% First Second First

&
~ colour colour  colour
W — s Ree ~ Electron  yndulators I1D01-08 Undulators 1D09-19
= = e o e [ From linear beam

accelerator

Top view Si 111 channel-cut at:;r‘igg First se;tion Seconii( section 0-300 fs
‘ 1 Chicane 2 adjustable delay
Magnetic chicane
2.0x1072 : | ' '
1.0 1.8 - - —
Second colour First colour
—— Seeded (ave. 450 uJ) 16 = —
—— SASE (ave. 780 uJ)
0.8 1.4 _
o) &z s -
5_ 0.6 %’ 1.0 - -
g || _306eVin FWHM 5 08- i
> E
g 0.4 0.6 - —
IS 0.4 —
0.2 - 0.2 - -
U ) L
jﬂ& 0.0 | | | I 3
0.0 | | l 10 11 12 13
9.75 9.80 9.85 9.90 9.95 Photon energy (keV)
Photon energy (keV)
T. Hara et al., Nat. Commun. 4 (2013).
. Inoue et. al., Nat. Photonics 13, 319 (2019). . Inoue et al., PNAS 113 (2016).

See Poster “Overview of SACLA Beamlines (BL1, 2, 3)"
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Remote-control system allows to control experimental
instruments from outside of SACLA

On-site Operation Console
@Experimental Hall

Off-site

Df//

SACLA

Remote with Control O
Control of "_)
|‘ | —

Experimental

Control of Instruments
Experlmental Instruments
"' Manual Work -—
' in Exp. Hutch
Users : Users or
SACLA Staff

OUsers can control experimental instruments (RUN, stages, shutters,
detectors) from off-site
O On-site participants handle on-site work, e.g., sample change




First users' experiments with the remote-control system
have been performed at high-power fs laser platform

Remotely accessed with web browser
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Users have remotely accessed to SACLA beamline instruments and HPC system
from European XFEL, HZDR (Germany) and Imperial College London (UK).

Applicable to nanosecond laser platform




. Contact beamline staff it you have any ideas, plans

Major Developments

The SACLA/SPring-8 Basic Development Program invites proposals from a

wide variety of users for the development of new instruments to promote
innovative science leveraging SACLA's unique capabilities.

[Call of the program open/close: Dec./Feb. (usually)]
[Basic Development Program 2021 session will be held tomorrow]

Minor Developments

Minor developments could be carried out for users’ experiments.
Please contact beamline staff well in advance of your proposal submission.
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. Summary

OExperimental platform with high-power nanosecond laser is available for
users’ experiments at SACLA
O Chamber/Configurations

® The experimental chamber is designed for X-ray diffraction, X-ray
imaging, and small-angle X-ray scattering experiments of laser-
compressed materials

® Expansion of experimental configuration capability is in progress
® Installation of additional detector for XRD to expand detection range
IS planned
OHigh-power nanosecond laser
® Recent pulse energyisup to 15]) on sample in 5 ns quasi-square

O XFEL

® XFEL beam size at sample position can be adjusted
from 0.5 pm to ~1 mm with KB mirror

® Advanced operations of BL3 are applicable
O First users’ experiments with the remote-control system has been

performed
K. Miyanishi, SACLA Users Meeting 2022, 2nd May 2022



