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The Z machine is an impressive MJ class, pulse-power        
driver that frequently challenges diagnostic survivability.
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22 MJ peak stored energy

~1 MJ to target

26 MA peak current

100–300 ns pulse lengths

Machine Center

Z Machine Panorama

target
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We are working to develop a space-resolved XRTS 
technique for shock and ramp loaded targets on Z.
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Spatial resolution in this direction

25 km/s

Magnetically 
launched flyer 
plates drive 
sample

A spherically bent 
crystal spectrometer 
provides a spatially 
resolved spectrum

Density Profiles (Δt = 40 ns)

Large, uniform samples of
WDM are generated with the
flyer plate drive.
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A new spectrometer and target were developed to 
enable space-resolved XRTS measurements on Z.1
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foam

XRTS Target

Ge (422), 2d = 2.31 Å
Throughput = 3e-6 steradians

Detector
Image Plate (Fuji-TR) or Film (Agfa D8)
Spatial Mag. = 0.51x
Fluence = 0.3 photons/μm2

Rowland 
Circle

Scattered 
6 keV x-rays

37 cm

θB=60.3°

Scattering k = 4.4 Å-1

Compton shift = 75 eV
1T. Ao et. al. JQSRT 2014
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Cu filter
118 mg/cc

Two shots successfully in recorded scattering signal 
from unshocked and shocked foam.

1 mm

E

Distance

Cu filter

25 km/s

0.5 g/cc
0.8 Mbar

4 eV

1 mm 1 mm

z2474 z2661 z2704

Repeat Shot

Using film (Agfa D8) results in 
improved spatial resolution.
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SPECT3D is used to generate a simulated image of the 
scattering signal.*
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*Golovkin et. al., HEDP 2013

SPECT3D cartoon Sample images from 
SPECT3D
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SPECT3D reproduces the relative signal difference 
between the elastic and inelastic scattering.
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Comparison of Cold Foam Spectra
Shot z2474

Shocked and unshocked foam foam spectra

The experimental scattering spectra are consistent with the prediction 
that shock and unshocked foam should produce the same spectrum.
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The intensity jump of the elastic signal is related to the 
density jump across the shock front.
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The XRTS technique has now been extend to ramped 
compressed Li targets on Z.

Scattering Intensity    
See(k) fpol(θscatt) Ω(r)

BCC (0 Mbar)
Rel. Intensity = 1

FCC (0.15 Mbar)
Rel. Intensity = 2.2

Liquid (0.4 Mbar)
Rel. Intensity = 0.5

Guillaume et. al., Nature Physics 2011
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The observed intensity variations in the elastic signal 
suggest a phase change has occurred in the Li.
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z2715

Source

Distance lineout
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Summary: 
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