Imaging x-ray fluorescence relevant to hydrodynamic mixing experiments
at the National Ignition Facility
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position, and bubble-tip position. Recall that Figure 4 shows
the mean interface position, which is the average of the spiketip and bubble-tip positions. The positions of these features are
found by taking a one-dimensional
profile across the
feature.
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Project goals
• Create 2D images of material density using fluorescent imaging to
resolve the structure at shocked interfaces
• Provide experimental results to test the validity of hydrodynamic
codes for divergent geometries
Figure 6. Hyades simulation of density vs. position for late times: t = 8 ns,
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t =particle
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26 ns.

• Measure flow velocity
taking several images of a single shock and tracking dopant particles
over time
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TWO-DIMENSIONAL BLAST-WAVE-DRIVEN RAYLEIGH–TAYLOR INSTABILITY

geometrically complex hydrodynamic and radiation hydrodynamic experiments in which
3. EXPERIMENTAL
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Figures 7(a)–(c) are taken at t = 8 ns, t = 12 ns, and t = 26 ns
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the gradual expansion of the system as the
decreases.
• pressure
Fluorescent
intensity and signal levels are strongly
Figure 7(b) clearly shows some roll-up on the edges of the target
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Pump and fluorescent x-ray transmission through each point of the target

Pump: Ti (4.75 keV)
Dopant: Sc (4.10 keV)

Pump: Fe (6.75 keV)
Dopant: Mn (5.90 keV)

Pump: Zn (8.99 keV)
Dopant: Cu (8.05 keV)

Observation: Higher energy x-rays are attenuated less by target
material. Note that moving to higher energy pump x-rays results in a
lower number of pump x-rays due to the higher energy cost per photon.

Dopant density
Top: X-ray transmission through each point of the target
Bottom: Fluorescent signal from the doped layer

Fluorescent measurements
• A pinhole camera is used to image x-ray fluorescence
intensity to create a 2D image of the material density,
providing images of hydrodynamic instabilities
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Experimental setup for 2D fluorescent imaging
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can be calculated from the mass density. Inside the structure
in the inner interface the total electron density is found to
be around 2.5 × 1022 cm−3 , and around 1 × 1023 cm−3 in

Pump x-ray source and dopant comparison

affected by dopant density and x-ray energies

Table 1
Description of the Eight-Mode Perturbation
i

Initial results using solid density materials

second interface, though it has not yet reached the radius in
the third material where it has swept up a mass equal to the
mass of the interior shells. The structure on the first interface

a
Experimental setup (top view). Pump x-rays are
collimated into a sheet perpendicular to the page.

50 mg/cm3 Cu

5.0 mg/cm3 Cu

0.5 mg/cm3 Cu

Observation: Lower dopant concentrations provide a more even signal
along the path of the pump x-rays at a price of lower signal levels to the
detector. This balance will be optimized using the spatial resolution and
response characteristics of the detector.

Future work
• Determine detector specifications to calculate the optimal materials and
densities to produce high quality images
• Include shocked material in the simulations to account for the effects of
ionized foam and density gradients within each layer
• Add unstable interfaces to create a more realistic model to optimize the
diagnostic for measuring hydrodynamic instabilities
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