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1 m Introduction




An ongoing revolution in the field of HEDP

naturereviews methods primers

m Coupling of new dynamic compression platforms with large scale X-ray facilities

m Can probe matter in situ under extreme conditions of pressure and temperature Materials under extreme conditions
m Temporal and spatial scales commensurate with those of microscopic simulations usinglarge X-ray facilities

H Sakura Pascarelli®'’ , Malcolm McMahon?, Charles Pépin®, Olivier Mathon®*, Raymond F. Smith®, Wendy L. Mao ®¢
ShOCk Compre85|on Re'ease wave Hanns-Peter Liermann®’ & Paul Loubeyre®

Topical Review

Probing extreme states of matter using
ultra-intense x-ray radiation

M | McMahon*

Journal of =
Applied Physics sesrecre |

Femtosecond diffraction and dynamic high

ambient crystaII 1D elastic | 3D plasticl new phase void | pressure science

S sS e Shea. Aot 33y o8 0o ®
m Different X-ray techniques allowing to probe various physical phenomena e

m XRD, XAS, XES, PCI, ...
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An ongoing revolution in the field of HEDP

m Implementation of dynamic compression platforms @ all the major large scale X-ray facilities

REVIEW OF SCIENTIFIC INSTRUMENTS 88, 105113 (2017)

® CrossMark

Shock drive capabilities of a 30-Joule laser at the matter in extreme

conditions hutch of the Linac Coherent Light Source

Shaughnessy Brennan Brown,'22) Akel Hashim,2 Arianna Gleason,? Eric Galtier,2
Inhyuk Nam,2 Zhou Xing,2 Alan Fry,2 Andy MacKinnon,2 Bob Nagler,2

Eduardo Granados,? and Hae Ja Lee?

' Department of Mechanical Engineering, Stanford University, Stanford, California 94305, USA
2SLAC National Accelerator Laboratory, 2575 Sand Hill Road, Menlo Park, California 94025, USA
*Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA

Review of o
Scientific Instruments ARTICLE scitation.orgfjournal/rsi

The Dynamic Compression Sector laser: A 100-]
UV laser for dynamic compression research

Cite as: Rev. Sci. Instrum. 90, 053001 (2019); dol- 10.1063/1 5088049 frasy th @

Submitted: 7 January 2019 + Accepted: 12 April 2019 «
Published Online: 10 May 2019

D. Broege,'*' S. Fochs,' G.Brent,’ " J. Bromage,' C. Dorrer,’ R. F. Earley,’ M. J. Guardalben,’
J. A. Marozas, R. G. Roides,’ J. Sethian,” X. Wang,” D. Weiner,' J. Zweiback,”” and J. D. Zuegel

AFFILIATIONS

Review of
Scientific Instruments

scitation.orgfjournalirsi

The laser shock station in the dynamic
compression sector. |

Cite as: Rev. Sci. Instrum. 90, 053901 (2019); dol: 10.1063/1 5088367
Submitted: 9 January 2019 « Accepted: 12 April 2019 «
Published Online: 10 May 2019

&
@

Xiaoming Wang,' Paulo Rigg." John Sethian, Sinclair, Weir,' i 3
Jun Zhang.' James Y Toyoda,” Yog: Gupta, * Yuelin Li.'* Douglas Broege,”
Jake Bromage,” Robert Earley, Dale Guy,” and Jonathan Zuegel

&228 A. Sollier, DyCoMax-2024

High Power Laser Science and Engincering, (2018). Vol 6, ¢63. 10 pages
© The Author(s) 2018. This is an Open Access article, distributed under the terms of the Creative Commons Antribution licence (http:/fcreativecommons.org/
Ticenses/by/4.0/), which permils unrestricted re-use. distribution, and reproduction in any medium, provided the original work is properly cited.
doiz10.1017/hpl 201856

Development of a 100 J, 10 Hz laser for compression
experiments at the High Energy Density instrument at
the European XFEL

Paul Mason!, Saumyabrata Banerjee!, Jodie Smith!, Thomas Butcher!, Jonathan Phillips
Hauke Happner?, Dominik Maller?, Klaus Ertel’, De Vido!. lan Holl .
Andrew Norton', Stephanie Tomlinson', Tinesimba Zata', Jorge Suarez Merchan', Chris Hooker',

Tastel

" 2 ) -
Mike Tyldesley!, Toma Toncian?, Cristina Hernandez-Gomez!, s Edwards', and John Collier!

| Central Laser Facility, STFC Rutherford Appleron Laboratory, Dideor, OX11 00X, UK
*Institute for Radiation Physics, Helmholtz-Zentrum Dresden-Rossendorf e.V:, D-01328 Dresden, Germany

applied b Py

sciences
Article
Development of an Experimental Platform for
Combinative Use of an XFEL and a High-Power
Nanosecond Laser

Yuichi Inubushi "**, Toshinori Yabuuchi **(, Tadashi Togashi "2, Keiichi Sueda ?,
Kohei Miyanishi 209, Yoshinori Tange 1 Norimasa Ozaki >, Takeshi Matsuoka 3,
Ryosuke Kodama *4 Taito Osaka ?, Satoshi Matsuyama 3, Kazuto Yamauchi ?,
Hirokatsu Yumoto 2, Takahisa Koyama ', Haruhiko Ohashi 2, Kensuke Tono 2 and
Makina Yabashi -2

1 Japan Synchrotron Radiation Research Institute, 1-1-1 Koute, Saye-che, Saye-gun, Hyogo 679-5198, Japan;
tyabuuchi@springs.orjp (T.Y.); tadashit@spring8.orjp (T.T); yoshinori tange@springs.orip (Y.T);
yumoto@spring8.orjp (H.Y rama@spring8.orjp (T.K.); hohashi@spring8.orjp (HO.):
tono@spring8.orjp (K.T.); yabashi@springs.orjp (M.Y.)
RIKEN SPring-8 Center, 1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5148, Japan;
sueda-k@spring8.orjp (K.S.); mivanishi@spring8.orjp (KM.); osaka@spring8.orjp (T.O.)

3 Graduate School of Engineering, Osaka Unive uita, Osaka 565-0871, Japan Yamada-oka, Suita,
Osaka 5650871, Japan; norimasa.ozaki@eie eng. acip (NO;
takeshimatsuokal@ppc.osaka-wac.jp (T.M.); matsuyama@prec eng.osaka-wacjp (S.M.);
vamauchi@prec.eng.osaka-u.acjp (K.Y.); kodama@eei.eng.osaka-u.acjp (RK)

4

Institute of Laser Engineering, Osaka University, Suita, Osaka 565-0871, Japan Yamada-oka, Suita,
Osaka 565-0871, Japan
*  Correspondence: inubushi@spring8.orjp; Tel.: +81-791-58-0802

r
5 JOURNAL OF

£ SYNCHROTRON
5 RADIATION

ISSN 1601

Received 16 October 2018
Accepted 17 January 2019

Edited by T. Tschentscher, European XFEL,
Germany

JOURNAL OF
SYNCHROTRON
RADIATION

ISSN 1600-5775

Received 23 August 2019
Accepted 29 November 2019

Edited by V. Favre-Nicolin, CEA and
Université joseph Fourier, France

An experimental platform using high-power,
high-intensity optical lasers with the hard X-ray
free-electron laser at SACLA'

Toshinori Yabuuchi,™ Akira Kon,™” Yuichi Inubushi,™® Tadashi Togahi,*"
Keiichi Sueda,” Toshiro Itoga,*” Kyo Nakajima,” Hideaki Habara,‘
Ryosuke Kodama,“ Hiromitsu Tomizawa™® and Makina Yabashi**

*RIKEN SPring-8 Center, 1-1-1 Kouto, Sayo, Hyogo 679-5148, Japan, ®Japan Synchrotoron Radiation Research Institute,
1-1-1 Kouto, Sayo, Hyogo 679-5198, Japan, “Graduate School of Engineering, 2-1 Yamada-oka, Suita, Osaka 565-0871,
Japan, and “Institute of Laser Engineering, Osaka University, 2-6 Yamada-oka, Suita, Osaka 565-0871, Japan.

< e e-mail .jp

Development of shock-dynamics study with
synchrotron-based time-resolved X-ray diffraction
using an Nd:glass laser system

Sota Takagi,"™* Kouhei Ichiyanagi,“" Atsushi Kyono," Shunsuke Nozawa,”
Nobuaki Kawai,* Ryo Fukaya,” Nobumasa Funamori® and Shin-ichi Adachi®

*Division of Earth Evolution Sciences, Graduate School of Life and Environmental Sciences, University of Tsukuba,
1-1-1 Tennodai, Tsukuba, Ibaraki 305-8572, Japan, YInstitute of Materials Structure Science, High Energy Accelerator
Research Organization (KEK), 1-1 Oho, Tsukuba, Ibaraki 305-0801, Japan, “Division of Biophysics, Department of
Physiology, lichi Medical University, 33111 Yakushiji, Shimotsuke, Tochigi 329-0498, Japan, and “institute of
Pulsed Power Science, Kumamoto University, 2-39-1 Kurokami, Kumamoto 860-8555, Japan.

*Carrespondence e-mail: stakagi@geol tsukuba.ac.jp

13/03/24 5



The High Power Laser Facility @ 1D24-ED

m HPLF-I =100 J laser + XAS + line VISAR
m Fully operational
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Germany.

m HPLF-Il = Laser upgrade to 200 J IR / 140 J Green + extend to XRD, XRI, XES

m Foreseen in the future
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A few words about the ID09 beamline

m Beamline fully dedicated to time-resolved X-ray scattering/diffraction experiments
m Part of the Complex System and Biomedical Sciences (CBS) group at ESRF

m Custom advanced system of fast choppers and shutters — phenomena can be tracked as a function of time with
100 ps resolution up to seconds (or more)

m Phenomena investigated = chemical or biological reactions, light-induced phase transitions in solid-state samples,
laser-induced structural changes in colloidal systems

m ID09 has greatly benefited from the EBS upgrade (enhanced spectral purity of the beam)
m Significant reduction of the second harmonic contamination
m Bandwidth reduction (~ 1.5%) 1

s Higher symmetry of the peak shape o1 T esneess &£ 1%’@@ Jm))
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Past solid state XRD experiments on ID09

m Already used to study phase transitions in solids at moderate pressure
m Experiments on Sn and Bi

PHYSICAL REVIEW B 100. 060101(R) (2019)

R ourne of Observation of the shock-induced f-Sn to b.c.t.-Sn

° o . - . 3 .

£ SHNCHROTRON transition using time-resolved X-ray diffraction

1SN 16005775 Kinetics and structural changes in dynamically compressed bismuth
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m But maximum pressure limited by the absence of vacuum chamber
m Confined interaction scheme — P, < 15 GPa
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The laser shock compression platform project @ IDO

m Alot of compromises
m Space constraint in ID0O9
> Fitinside ID09’s hutch without removing anything !
» Use the existing laser beam path — beam diameter < 25 mm

m Financial constraint — budget allocated ~ 400 k€

m Time constraint — start as soon as possible to fit with the initial schedule for HPLF-II

\ LI . e i = X-ray table
Industrial on the shelf laser
coupled with a point
|| — VISAR/PDV system

A
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Overview of the new laser-shock platform

m Main components
m Custom EKSPLA - ANL5kSS-SH laser system
> >5J@ 1064 nm, 3,5J @ 532 nm, 6.3 ns Gaussian pulse, near-field super Gaussian spatial profile
m Custom 3D printed vacuum chamber developed by ESRF’s Sample Environment Support team
m Rayonix MX170-HS CCD detector
m Custom portable point Valyn VISAR system

A. Sollier, DyCoMax-2024 13/03/24 11



Overview of the new laser-shock platform

m Afew details
m 18° angle between laser and X-rays

m Adjustable delay between laser and X-rays
> Up to seconds by steps of 10 ps (controlled by CITY board)

> Measured by an ultra-fast Hamamatsu S2383 photodiode coupled
with a Picosecond Pulselabs 5531 High Voltage Bias Tee

> t=0 corresponds to X-rays located at the left foot of the laser pulse

m Adjustable focal spot | o fondata
» Silios DOE components (250 um to 1 mm)

175 —— Pump laser pulse

m 1 cm diameter samples
> Glued with low viscosity epoxy
> Brass holder

> Between 5 and 9 shots on each sample

Time (ns)

@ A. Sollier, DyCoMax-2024 13/03/24 12
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First experiment on Fe

m Fe samples = 50 um Black Kapton + 25 um Fe + (500 um LiF)
m 25 um thick high purity rolled foils purchased from GoodFellow
m SEM + EBSD observations
> Elongated grains and strong texturing typical of a rolling microstructure

BC + IPF

Band Contrast
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Fe ESTHER simulations

o Pressure map (GPa)
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Fe XRD data

— a-Fe
---- ¢-Fe
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+27.5 ns 4~
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Fe XRD data

A. Sollier, DyCoMax-2024

I |
—— pre-shot

— +28ns

N
e

15 20 25 30 35
26

Significant memory effect

13/03/24

17



Pressure (GPa)

Phase fraction (%)
w [=]
3 2

I
S

w
S

@ A. Sollier, DyCoMax-2024

Comparison with Righi ef al

Strong texturation — Pawley and Le Bail refinements instead of Rietveld refinement
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Fe VISAR data

Iron VISAR measurements
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Fe results: VISAR data
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Iron VISAR measurements
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Experiment on tin

m Tin samples = 50 um Black Kapton + 25 um Sn + (500 um LiF)

m 25 um high purity Sn foils purchased from GoodFellow
m SEM + EBSD observations

» Large grains (> 100 um)
» Grain boundaries perpendicular to the surface — quasi-columnar structure — no XRD peaks !
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Tin results
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Tin results

Fréville et al., PRB (2024) Deffrennes et al., JAC 919, 165675 (2022)
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CONCLUSION

m LTP HC-4528 launched in 2021, really started in 2023
m The laser shock compression platform is now operational
m First successful experiments on Fe, Sn, Zr and Ti

m Work plan for 2024

m 2 new experiments
> Other materials, different pressures, ...
> Reach higher pressures and probe liquid in Pb, Sn, or Bi

m Evolutions of the setup
> Couple our resistive heating system (up to 900 K) with the vacuum chamber
> New fibered triature PDV system — on the fly velocity measurements
> On the fly laser diagnostics
> New DOEs

m Opening to collaboration planned in 2025
m Think about it ...
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