


Beamline ID19: a versatile station for time-resolved 
hard X-ray micro-imaging
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XRI Budget Meeting, Oct 2013

FULL-FIELD HARD X-RAY IMAGING BEAMLINE ID19 @ ESRF
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CONTRAST - LASER-INDUCED BUBBLE COLLAPSE
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A. Koch
Nucl Instr Meth A 348 (1994)

• Photron SAZ: CMOS-based camera

• 1024 x 1024 chip, 20 μm pixel size

• exposure time: 159 ns … 1 ms

• 128 GB fast camera memory

• ‘non-continuous’ acquisition, i.e.

2.4 μs exp / 100 000 FPS

HIGH-SPEED IMAGING DETECTION SCHEME
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TIME-RESOLVED HARD X-RAY IMAGING
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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

LI-ION BATTERY THERMAL RUNAWAY

l 3rd DyCoMax Workshop l 14/15-1-2021 l Alexander Rack – High-Speed Imaging at Beamline ID19



ELECTRIC ARC IGNITION DURING FUSE OPERATION
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M. P. Olbinado et al, MHz frame rate hard X-ray phase-contrast imaging using 
synchrotron radiation, Optics Express, 25 (12), 13857-13871 (2017).

polychromatic x-ray beam, mean: 30 keV; 5 Mfps; exposure: 110 ns
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EBS – The New Source 
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Radiograph “double sphere” (polysteren)
3 m propagation distance, 17.7 keV
30 s exposure time (photographic film)
Baruchel et al., Proc SPIE 3154 (1997)

Radioscopy: glass spheres on
loud speaker (50 Hz)
4 m propagation dist., 18.0 keV
100 000 images/s (Photron SAZ)
2.4 µs exposure time

ID19 with EBS: 2020
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/Willmott, 2011/

single bunch:

160 ps

ULTRA FAST ACQUISITION: SINGLE-BUNCH IMAGING

• revolution 2.8 µs
• 4 bunches = 1.4 MHz frame rate / 16 bunches = 5.6 MHz
• Approx. 160 ps flash exposure
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SINGLE-BUNCH RADIOSCOPY DEVELOPMENT: SHIMADZU HPV-X(2)
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Shimadzu HPV-X(2):
• 10 Mio images/second
• 128/256 ring buffer
• FrameTransfer CMOS (FTCMOS)

LYSO
400 ns
356kHz

dark

Rack, Scheel et al., JSR 21 (2014)
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Shock Experiments – Bunch Imaging
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MI-1252 - Eakins, Chapman et al., Oxford University

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
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Eakins & Chapman, 
RSI 85 (2014)

Oxford University, Imperial London
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Presentation of David Chapman (Oxford)



2-STAGE GAS GUN @ 3.8 MHz
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• two-stage launcher: impact 4 km/s
• 6 mm cavity; shockwave-driven 

collapse and jet formation
• velocity of the jet = ~2 x impact 

velocity; strength over-ridden, 
hydrodynamic flow regime

• video: 3.8 MHz = 2x 1.9 MHz
• Escauriza et al., Sci Rep 10 (2020)

• Eakins, Chapman, 
Duarte et al.

• Imperial College 
London & Oxford 
University
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Presentation of Hugo Doyle (First Light Fusion)



SPLIT-HOPKINSON PRESSURE BAR 
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Amitay Cohen, David Levi-Hevroni, NRCN

Cohen et al., J Instrum. 14 (2018)
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SHPB:
• PH 17-4 (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
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In collaboration with S. Bland, D. 
Yanuka, A. Rasoshek, S. 
Theocharous, Y. E. Krasik
(Imperial College London, UK)

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).

l Advanced Single Pulse Imaging l 27-8-2019 l Alexander Rack – in situ Materials Characterization with High-Speed Imaging
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Technion & Imperial London
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PULSED-POWER-DRIVEN WIRE EXPLOSIONS IN WATER



PULSED-POWER-DRIVEN WIRE EXPLOSIONS IN WATER
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4-bunch filling mode (176 ns); polychromatic x-ray beam, mean 30 keV;  1.4 Mfps; exposure: 200 ns

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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MEGAFRAME-RATE RADIOSCOPY – LASER-INDUCED PROCESSES
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LASER-SHOCK-COMPRESSION IN POLYMERIC FOAM
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4-bunch filling mode (704 ns); polychromatic x-ray beam, mean 30 keV; 
709 kfps; exposure: 600 ns

glass 
confinement

Al ablator

4.33 J, 532 nm 
12 ns pulse

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).

In collaboration with P. Pradel, T. de 
Resseguier (CNRS, FR), 

A. Pelka, M. Roedel, I. Prencipe, J. 
Grenzer, T. Cowan (HZDR, D)

1 mm
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DEMONSTRATION EXPERIMENTS EXPLOSIVES
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W. Proud (Imperial London), J. Pachman (University of Pardubice), D. Eakins (Oxford)



Page 23

New Access Modes
- Beamtime: Block Allocation Group (BAG) -
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BEAMTIME: BLOCK ALLOCATION GROUP: “SHOCK” AT ID19
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Daniel Eakins (daniel.eakins@eng.ox.ac.uk)
Alexander Rack (alexander.rack@esrf.fr)  
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Thank you for your attention!


