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Beamline ID19: a versatile station for time-resolved
hard X-ray micro-imaging

Alexander Rack
European Synchrotron Radiation Facility, Grenoble, France
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FULL-FIELD HARD X-RAY IMAGING BEAMLINE ID19 @ ESRF
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. CONTRAST - LASER-INDUCED BUBBLE COLLAPSE

200 000 1mages/s
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. HIGH-SPEED IMAGING DETECTION SCHEME
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protective
lead glass

- Photron SAZ: CMOS-based camera
- 1024 x 1024 chip, 20 um pixel size
| - exposure time: 159 ns ... 1 ms
scintillator - 128 GB fast camera memory

A Koch - ‘non-continuous’ acquisition, i.e.

Nucl Instr Meth A 348 (1994) 2.4 ps exp /100 000 FPS
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. TIME-RESOLVED HARD X-RAY IMAGING

LI-ION BATTERY THERMAL RUNAWAY
[Fime &) = 1.206000 P ,£J

D. P. Finegan, et al, Identifying the cause of rupture of Li-ion batteries during thermal runaway
Advanced Science, vol. 5, no. 1, 1700369 (2018)

polychromatic beam, peak: 75 keV, pco. dimax, 1250 fps, LUAG:Ce
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. ELECTRIC ARC IGNITION DURING FUSE OPERATION

500 um

500 pm

M. P. Olbinado et al, MHz frame rate hard X-ray phase-contrast imaging using

synchrotron radiation, Optics Express, 25 (12), 13857-13871 (2017).
MerRs

Des expertises, une énergie

polychromatic x-ray beam, mean: 30 keV; 5 Mfps; exposure: 110 ns
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EBS — The New Source

Radiograph “double sphere” (polysteren)
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ID19 with EBS: 2020
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. ULTRA FAST ACQUISITION: SINGLE-BUNCH IMAGING
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sample single bunch: Q@

* revolution 2.8 ps
* 4 bunches = 1.4 MHz frame rate / 16 bunches = 5.6 MHz
e Approx. 160 ps flash exposure
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SINGLE-BUNCH RADIOSCOPY DEVELOPMENT: SHIMADZU HPV-X(2)

Shimadzu HPV-X(2):
* 10 Mio images/second
» 128/256 ring buffer
* FrameTransfer CMOS (FTCMOS)

Rack, Scheel et al., JSR 21 (2014)
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Shock Experiments — Bunch Imaging
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. GAS GUN: INSTALLATION AT ID19 (8 h during Machine Day)
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. IMPACT STUDIES WITH GAS GUN AND MHZ HARD X-RAY RADIOSCOPY

target chamber

Eakins & Chapman,
RSI 85 (2014)

barrel support

13 mm ID
barrel

breech

breech
module
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Cu flyerfsabot  powder mixture

00 m's

PC driver PC backer _—

Oxford University, Imperial London
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. 2-STAGE GAS GUN @ 3.8 MHz
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M. E. Rutherford, J. G. Derrick, D. J. Chapman, G. S. Collins, et al
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. SPLIT-HOPKINSON PRESSURE BAR

A
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specimen

output bar S.G. input bar S.G.

barrel

Amitay Cohen, David Levi-Hevroni, NRCN
Cohen et al., J Instrum. 14 (2018)
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=4 unit

SHPB:

« PH17-4 (0.5” & 0.25”) and

Al 6061 (0.5”) bars

1.3 & 1.1 [m] input and output

bars

« 15, 25, 40 [cm] projectile

4 — 30 [m/sec]

No momentum trap yet

« Simple and efficient system
(mobile base, gun,
control unit...)

Imaging:

* 16 bunch mode (5.68 MHz)
« Camera (currently) 1.4MHz
* Phase contrast radiography
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SPLIT-HOPKINSON PRESSURE BAR
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. PULSED-POWER-DRIVEN WIRE EXPLOSIONS IN WATER

Ground electrode /_;‘J‘L,/’WR resistors
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Exploding wire — || =

Mylar window

point to VD I
DE‘IFiH hn[der In collaboration with S. Bland, D.
Yanuka, A. Rasoshek, S.
Aluminium Generator Theocharous, Y. E. Krasik
(Imperial College London, UK)
chamber Triggering
unit

D. Yanuka et al, J. Appl. Phys., vol. 124, 153301 (2018).
S. Theocharous, et al Rev. Sci. Instrum., vol. 90, 013504 (2019).
D. Yanuka et al, Physics of Plasma, vol 26, 050703 (2019).
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. PULSED-POWER-DRIVEN WIRE EXPLOSIONS IN WATER

Technion & Imperial London
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PULSED-POWER-DRIVEN WIRE EXPLOSIONS IN WATER
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Journal of
Applied Physics

Volume 125, Issue 9, T Mar. 2019

Synchrotron based X-ray radiography of
convergent shock waves driven by
underwater electrical explosion of a
cylindrical wire array

J. Appl Phys. 125, 017909 (2019); dol org/10.1063/1.50890 11

| Mfps; exposure: 200 ns

4-bunch filling mode (176

D. Yanuka
S. Theocha
D. Yanuka
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. MEGAFRAME-RATE RADIOSCOPY - LASER-INDUCED PROCESSES
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. LASER-SHOCK-COMPRESSION IN POLYMERIC FOAM

4-bunch filling mode (704 ns); polychromatic x-ray beam, mean 30 keV;
709 kfps; exposure: 600 ns

glass
confinement

Al ablator

In collaboration with P. Pradel, T. de
Resseguier (CNRS, FR), e A [
A. Pelka, M. Roedel, I. Prencipe, J.
Grenzer, T. Cowan (HZDR, D) # neLmnovrz
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M. P. Olbinado, et al. Ultra high-speed X-ray imaging of laser-driven shock compression
using synchrotron light, Journal of Physics D: Applied Physics, vol. 51, no. 5, 055601 (2018).
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. DEMONSTRATION EXPERIMENTS EXPLOSIVES

W. Proud (Imperial London), J. Pachman (University of Pardubice), D. Eakins (Oxford)

.....
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New Access Modes
- Beamtime: Block Allocation Group (BAG) -
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. BEAMTIME: BLOCK ALLOCATION GROUP: “SHOCK?” AT ID19

2. Definition of sustainable access models
* Reflection on new access models and selection of pilot projects

Expand the ESRF role towards an active facilitator for targeted communities

% Starting pilot projects:
1. Technigque driven: e.g. collect the entire "shock™ community in a single BAG

Round Table (16:30 — 18:15)
Chair: R. Torchio

Group photo

- HPLF-I: day-1 parameters and target requirements - R. Torchio/M. Harmand (16:30 — 16:50)

- Shock diagnostics for HPLF-I - A. Sollier (16:50 — 17:10)

- Scientific proposals for HPLF-I, topics proposed by the speakers, others - A. Ravasio (17:10 - 17:30)
- Plans on ID09 and HPLF-II - M. Levantino (17:30 - 17:50)

- Shock-BAG partners for ID19 - A. Rack and D. Eakins (17:50 — 18:10)

18:15 ‘ Concluding Remarks: R. Torchio

Daniel Eakins (daniel.eakins@eng.ox.ac.uk)
Alexander Rack (alexander.rack@esrf.fr)
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Thank you for your attention!
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