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Radiography Basics

X-rays 3 -10 MeV

Pb

2 cm

(Flux attenuation in e times)

High Energy Protons ~ 1 GeV

12 cm

Protons Image Blurring due to Multiple 
Coulomb Scattering

Image Blurring compensation with 
magnetic optics
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Photons and protons in matter



First Experiments on Proton Radiography with 
Magnetic Optics (Los Alamos, 1995)

188 MeV secondary proton beamline at LANSCE

DetectorObject
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Image at the detector is 

substantially blurred

Magnetic imaging lens preserves 

image with high resolution



Capabilities and Applications

Proton radiography @ LANSCE:

- up to 30 frames

- density range - 0.05 to 50 g/cm2

- spatial resolution ~100 Õm

- temporal resolution ~100 ns

HED & WDM

(EOS, phase transitionsé)

Material Strength and Damage
(dynamic fracture of materials)

Hydrodynamics of HED flows
(shock compression of reacting and non-

reacting media, hydrodynamic instabilities)

High Energy Density

Research

Capabilities for both the visualization of fast processes and absolute in situ measurements
of important material and microstructural characteristics (including density distribution) that
are especially useful for dense optically non-transparent media studies.



Detonation Waves in High Explosives

ʘ) b) c) d)
ʘ)Detonation wave corner turning

experiments.

b) Rate stick test for PBX-9502.

c) Collision of detonation waves.

d) Failure cone test.

Source: ʉ. Morris, J.W. Hopson, P. Goldstone, ñProton 

radiographyò.Los Alamos Science, N30, 2006.



Phase Transition in Shocked Iron

Images courtesy of Frank Merrill, LANL
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Simultaneous measurement of:

ÅFlyer velocity

ÅShock velocity

ÅPhase boundary velocity

ÅDensity of shocked material

ÅDensity change in solid-solid 

phase transition
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Shock Waves in Gaseous Xenon
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Proton Radiography at ITEP



800-MeV Proton Radiography Facility at 
TWAC -ITEP Accelerator (Moscow)

Å Field of view 20 mm;

Å Target density range < 60 g/cm2;

Å Spatial resolution basic magnetic optics system: 300 Õm;
ñproton microscopeò:~ 50 Õm;

Å Time structure of proton beam: four 70 ns long bunches with

250 ns interval between them;

Å Temporal resolution: is defined by the length of a bunch ï70 ns



Magnetic Optics System

Incident Beam After Object After Collimator

Measured 
transmission 
provides 
information 
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