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ID19: A VERSATILE PLATFORM FOR FULL-FIELD HARD X-RAY MICROIMAGING

| * Historically first long-beamline of ESRF (operation 1995)

Experimental Hall

PhD thesis, Daniel Libbert (1999)
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. ID19: A VERSATILE PLATFORM FOR FULL-FIELD HARD X-RAY MICROIMAGING

| * Historically first long-beamline of ESRF (operation 1995)
e © White-topography beamline (until early 00s)
= ¢ Phase-contrast imaging (since 1999s)

PhD thesis, Danlel Lubbert (1999) .
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. ID19: A VERSATILE PLATFORM FOR FULL-FIELD HARD X-RAY MICROIMAGING

Historically first long-beamline of ESRF (operation 1995)
White-topography beamline (until early 00s)
Phase-contrast imaging (since 1999s)

Versatile Microtomography end-station (since 2000s)
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Experimental Hal
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. ID19: A VERSATILE PLATFORM FOR FULL-FIELD HARD X-RAY MICROIMAGING

Historically first long-beamline of ESRF (operation 1995)
White-topography beamline (until early 00s)
Phase-contrast imaging (since 1999s)

Versatile Microtomography end-station (since 2000s)
(Ultra) Fast real-time X-ray imaging (since 2010s)
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. ID19: A VERSATILE PLATFORM FOR FULL-FIELD HARD X-RAY MICROIMAGING

S = AL . Historically first long-beamline of ESRF
/ i = =g * \White-topography beamline

] 88 . Pphase-contrast imaging

_ + Versatile Microtomography end-station

* (Ultra) Fast real-time X-ray imaging (XRI)

i

- =

Experimental Hall B2 -

PhD thesis, Daniel Libbert (1999)

_ PhD Thesis Peter Cloetens, 1999
.. | Cloetens et al., APL (1999)

' The dance of .. sher on a loud sekr

- 4 m propagation dist., 18.0 keV
- 100 000 images/s (Photron SA-Z)
- 2.4 ps exposure time ID19 with EBS: 2020
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ID19: LAYOUT AND X-RAY INSTRUMENTATION

Storage ring wall

Optics hutch 2

Optics hutch 1
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Vacuum tube

Storage ring wall
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ID19: LAYOUT AND X-RAY INSTRUMENTATION

Experimental Hutch 1

I
bQ\% Experimental Hutch 2

Vacuum tube

Storage ring wall

R

Optics hutch 2

Optics hutch 1
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: LAYOUT AND X-RAY INSTRUMENTATION

/ Experimental Hutch 1

Experimental Hutch 2

Vacuum tube

Storage ring wall

OPTICS HUTCH
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: LAYOUT AND X-RAY INSTRUMENTATION

/ Experimental Hutch 1

Experimental Hutch 2

Vacuum tube
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. ID19 EXPERIMENTAL HUTCH 2

L h Propagatlon upto 11m E ti




. DYNAMIC ENVIRONMENTS WITH MHZ-XPCI AT ID19

 Dynamic studies on materials: Motivation
« ( Ultra-) Fast X-ray radioscopy at ID19

« Shock and High rate instruments for dynamic studies on materials

R
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MATERIALS UNDER HIGH STRAIN RATE AND BEYOND

Strain rate: £ (s)
108 106 104 102 100 102 10* 106

1 [
E Soft impact and fatigue ! E Hard impacts

1 (ground earthquakes, drop- | : (high speed crash, impact,
: 1mpact, n collision, fault collision)
1 )

Intermediate ;' High strain
strain rates || rates

Page
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. MATERIAL SENSITIVITY TO STRAIN RATES ON MACRO-SCALE

Strain rate: £ (s)
108 106 104 102 100 102 10* 106

! 1
E Soft impact and fatigue | E Hard impacts

i (ground earthquakes, drop- | ! (high speed crash, impact,
1 1

1 )

1 )

impact, collision, fault collision)

Intermediate ;' High strain

- Strain rate sensitive materials: | strainrates |  rates i

* Dynamic strength
Macroscopic example:
* Dynamic fracture energy

* Dynamic stiffness

o g
* Dynamic dislocation and plasticity /
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. STRAIN RATE EFFECTS ON MICROSCALE

Strain rate: £ (s)

impact, collision, fault collision)

108 106 104 102 100 102 10* 106
| | T |
i Soft impact and fatigue !, Hard impacts
i (ground earthquakes, drop- | E (high speed crash, impact,
1 1
1 )
1 )

Intermediate ;' High strain
strain rates || rates

« Fast microstructural changes

— Phase change (stable and/or unstable)
— Adiabatic heating

— Internal damage and dislocations

— Void collapse and/or nucleation

— Multiple-fracture and fragmentation

— Dynamic crack propagation

— Hydrodynamic instabilities and mixing

Page 19 Dynamic platforms with XRI at ID19 | 4th DyCoMaX - 03/2024 | LUKIC The European Synchrotron ‘ E



. MICROSCOPIC TIME SCALES

Strain rate: £ (s)
108 106 104 102 100 102 10* 106

1
Soft impact and fatigue ! Hard impacts
1
(ground earthquakes, drop- | ! (high speed crash, impact,
1
1!
1!

impact, collision, fault collision)

i
E Intermediate || High strain i:
! strain rates | rates ! .
' ne oo o
days hours seconds 10 ms 1 ms 10 us 1 us ~ PS
| | | | | | | N
Time scale

- Need for sub-surface measurements at spatio-temporal microscale
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. DYNAMIC ENVIRONMENTS WITH MHZ-XPCI AT ID19

« ( Ultra-) Fast X-ray radioscopy at ID19
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. (ULTRA-) HIGH SPEED X-RAY PHASE CONTRAST IMAGING AT ID19

. . . Olbinado et al. Opt. E 2017
« General overview of a bunch imaging at ID19: inado etal. Opt. Express (2017)

Indirect
) detec
/.9”‘°~°\.\ arrangemenior
o L
J Bunchmodes )\ Propagation distance
\ 16borab Upto 11 m
L) -
~e____ Jl=Tawm \
T mm Very nice sample CChremos camers
Storage ring ‘ L
_ ehSes/miCro
S
IT:ISer-t'on Bunch S€éparation . : P
evice 176 ns or 704 ns Field of view

12 X 8 mm?2
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. (ULTRA-) HIGH SPEED X-RAY PHASE CONTRAST IMAGING AT ID19

» General overview of a bunch imaging at ID19:

] Indirgct
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Flux calculation with XOP v2.4
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. (ULTRA-) HIGH SPEED X-RAY PHASE CONTRAST IMAGING AT ID19

» General overview of a bunch imaging at ID19:

Bunch modes
16b or 4b

eSS
ey

I’/
1
N

Very nice sample

Storage ring

Insertion Bunch se )
i para . .
device 176 ns or 7o4t:?3n Field of V|ev2v
Triple detector tandem: 12 X8 mm

*  10-64 um/px

. kfps to Mfps (upto 5.68 Mfps)
+ 128 —1000s images

+ \Versatile trigger and interlacing

Escauriza et al. Appl. Opt. (2018)

Indirect dete ctor
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. (ULTRA-) HIGH SPEED X-RAY PHASE CONTRAST IMAGING AT ID19

» General overview of a bunch imaging at ID19:

e -’—-\.
o -,
./ \.
/- Bunchmodes '\  Flight
’\.\ 16b or 4b /.’ 9Nt tube ang Optical element
- = S
s Very nice sample
Storage ring ‘
Insertion Bunch s ;
device 176 ns Oerp;(;jt:;)n Field of view
NUV X-ray microscope: S 1.2 X 0.8 mm2
« 3.2um/px
1.8 Mfps
+ 128 images

=¥
e S
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. DYNAMIC ENVIRONMENTS WITH MHZ-XPCI AT ID19

« Shock and High rate instruments for dynamic studies on materials
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. SPLIT HOPKINSON BARS: ULTRA FAST IMAGING OF MATERIALS UNDER HIGH STRAIN RATES

Cohen et al JINST (2018) 1300 mm Sample 1100 mm
Lukic et al., JDBM (2021) v < 20 m/s

00 Striker Diam 12.7 mm Input bar Output bar
}9{ — = & —
A 50-350 mm

\ £, Aluminium bars (F ., = 20 kN); Steel bars (F ., = 40 kN)
“mm® ¢ Loading from 8 — 350 us

« Strain rate up to 1000s™"

» Wide range of materials

e . _Outputbar
+ Versatile loading : Y A o
* High rate Compression R —
* Bending SRBT
» Dynamic Fracture (Mode I, Il, lla) [ o
» Sheer-Compression

.

gl

» Spalling
» Confined compression

Please visit posters:
P1 - Ambikadevi ef al.
P6 - Forquin et al.

11111
Stress wave

P9 - Le Barbenchon ef al.

P16 - Rodriguez Serano et al.
P19 - Sadat et al.



. SPLIT HOPKINSON TENSION BAR

.j INATECH Georg Ganzenmueller

INSTITUT FUR NACHHALTIGE Jakkula et al., Inst. (2022)

TECHNISCHE SYSTEME

826 286 1288 - 1000 -

\

Z Fraunhofer

1016

* Aluminium bars (D 16mm)
* Loading duration 400 us

« Strain rate up to 500-1000s"" transfer flange
R Special transition grip design cylindrical barrel strain gauge 1 strain gauge 2 strain gauge 3
» Wide range of materials (composites, metals)

SN

hollow striker input bar output bar

Do not miss the talk:

* G. Ganzenmueller
Thursday @ 9:00

99104
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MESO-SCALE GAS LAUNCHER: ULTRA FAST IMAGING OF MATERIALS SHOCK LOADING

D. Eakins and D. Chapman target tank

25 mm barrel

UNIVERSITY OF

OXFORD

breech

* Impact speed to 100 — 900 m/s

* Multiple feedthrough for point probes
« Sample catcher for post-mortem

» Versatile sample mounting

» Applications:
* Impact compression
+ Plate impact, Taylor impact
» Shock spall
+ Dynamic fragmentation
+ Cold welding

Compression of AM lattice

Closely follow talks:

T. Virazels @ 16:20

M. Arrigoni @ 16:40

J.-R. Burie @ 17:00

S. Neogi Thursday @9:20

Posters:
P12 - Pilvelait et al.

IMPACT

Escauriza et al. Appl. Opt. (2018)

The European Synchrotron ‘ E



PULSED LASER: ULTRA FAST IMAGING OF ABLATION AND CAVITATION STUDIES

Arnaud Sollier

*  Quantel Q-smart

* Nd:YAG pulsed laser 10 ns

* Energy: 900mJ in 1064nm
*  Doubling crystal for 532 nm and 400 mJ

* Extensive opto-mechanical components

*  Optical mirrors, splitters and calorimeter

Aplications:
» Material processing
» Cavitation and shock studies in fluids
» Surface treatment
* Ablation

Bokman et al. CAV2024

The European Synchrotron ‘ ESRF



PULSED LASER: ULTRA FAST IMAGING OF ABLATION AND CAVITATION STUDIES

Arnaud Sollier

*  Quantel Q-smart

* Nd:YAG pulsed laser 10 ns

* Energy: 900mJ in 1064nm
*  Doubling crystal for 532 nm and 400 mJ

* Extensive opto-mechanical components

*  Optical mirrors, splitters and calorimeter

Aplications:
» Material processing
» Cavitation and shock studies in fluids
» Surface treatment
* Ablation

i
|

= |

*

Eluid dﬁha mics méﬁfs _Svﬁt:hrn 'ron X—rayhigh—bpeed

ESRF - Grenoble - Frai.ﬁié_ y
21-22 March 2024 " 7,

o T
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. PULSED POWER: ULTRA FAST IMAGING OF SHOCK-DRIVEN HYDRODYNAMIC PHENOMENA

Imperial College  simon Biand

London
l o
TECHNION
Israel Institute
of Technology
+  Compact pulsed power generator
» Ultra-low HV trigger jitter <10 ns
* Energy: 400J (30kV)
* Full discharge <2us

* Versatile wire array — Shock geometry shaping
* Generated pressure (P>400 MPa)
* Interface acceleration acceleration M~2

Maler et al. J.Appl.Phys. (2024)

Strucka et al. Phys. Fluids (2024)

a) Experimental schematic:

Maler et al. Phys.Plasmas (2022) Voltage divider —
_ 150m 11m _ = N
Yanuka et al. Phys.Plasmas (2019) < > Y|
\ LYSO scintillator L
Theocharous et al. Rev. Sci. Instrum. (2019) synchrotron oad X ik
Yanuka et al. J. Appl. Phys. (2018) X-ray source L ater-filled 2 A
load capsule pellicle ﬁ_ :'i mirror
E high-speed
b) Load geometry: HY metieraay azs‘c—amera (5 MHz)
AbSOIUtely don,t miss the Y-Z plane view X-Z plane view X-Y plane view

talk ! :

8 l aerogel
':g‘: |~0. 1g/cc I

AT 0N
R ——

y |
,

.
! [—g

X electrodes

= >

wwoty

field of view
12.8x8mm?

« J. Strucka
Thursday @ 9:40

planar wire array

-

l_.x planar wire array

I_'N



EXPLOSIVE CHAMBER: ULTRA FAST IMAGING STUDIES OF ENERGETIC MATERIALS

Impel"ial Co"ege [ under commissioning ]
London oo

William Proud

DETAIL X AN A K A S

r/”

Compatible with energetic materials

6 feedthrough ports for point diagnostics
* 8 mm stainless steel walls

Certified against 10 g Semtex explosive

(1
’IIIIIIIIIIIIIIIA-‘

0
s
7
?

3.6 mm thick bed of Imm
diameter, glass spheres

|

l} DETONATOR 2- ACCEPTOR

FIELD OF VIEW PLASTIC SURROUND - used in detonator transport

DETONATOR 1 - DONOR

7T

EXPLOSIVE CHAMBER WALL

CHAMBER CHAMBER
FEEDTHROUGH HIGH-VOLTAGE FIRING PACK FEEDTHROUGH
linked to Synchrotron Contro

The European Synchrotron ‘ RF



UNIVERSITE DE%Q .Issau@ /‘ o
RENNES1 mFNTi

Université
Grenoble Alpes

Univerzita
Pardubice

Bl Lawrence Livermore
National Laboratory

_———
~ Fraunhofer =522 TECHNION

Israel Institute

ETH:zurich __
AN TECHNISCHE UNIVERSITAT el:v BERIEITﬁg-[\/I\E fj pSL*

<
x % BERGAKADEMIE FREIBERG CANES
>T< mo o _ ParisTech
o Die Ressourcenuniversi tét. Seit 1765.

UNIVERSITY OF

OXFORD

H

5 UNIVERSITY OF
CAMBRIDGE

i&
1‘;

3
k
A*L

UNIVERSITY OF Arts ‘""
Southampton \ o
Et Metlers HELMHOLTZ ZENTRUM Eﬂ E BROWN
DRESDEN ROSSENDORF @ @




Thank you
for your attention

L4

Bratislav Lukié
lukic@esrf.fr
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