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Motivation for -Quartz measurements

• Quartz melts at ~100 GPa into a 
conducting fluid
– Shock front becomes reflective

• Quartz is quickly becoming a high 
pressure shock wave standard
– Helium, diamond, deuterium

• Quartz has recently been used as a 
“window” for sound speed and 
Hugoniot melt experiments

• Quartz data has large uncertainty 
and scatter, and Us-up exhibits 
significant curvature in the several 
100 GPa regime
– Attributed to dissociation
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Quartz measurements

Hicks, et al., PoP 12, 082702 (2005)

Quartz melts at ~100 GPa into a 

Quartz is quickly becoming a high 

Quartz has recently been used as a 

Quartz data has large uncertainty 

significant curvature in the several 

Be sound speed 
experiment
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The Sandia Z Machine

22 MJ stored energy

~25 MA peak current

~200-600 ns rise time
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insulated 
transmission 
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The Sandia Z Machine

22 MJ stored energy

~25 MA peak current

600 ns rise time

Experiment



Cathode
Anode

With proper pulse shape and design the anode can 
be launched as an effective high
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Anode/Flyer Plate

Target

Lemke, et al., J. Appl. Phys. 98, 073530 (2005)

J

B

With proper pulse shape and design the anode can 
be launched as an effective high-velocity flyer plate



Flyer
plate

Relatively large flyer plates enabled multiple, 
redundant measurements increasing accuracy

Diamond experimental configuration
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C targets (500, 
750, and 1000 m) 

(6 mm )

Quartz (or 
Sapphire) windows

(4mm )
Flyer
plate

Relatively large flyer plates enabled multiple, 
redundant measurements increasing accuracy

VISAR
diagnostics

Knudson, et al., Science 322, 1822 (2008)



VISAR provides highly accurate in line flyer plate 
and quartz shock velocity measurements

aluminum flyer

copper flyer

quartz shock
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Melt transition 
in flyer plate

VISAR provides highly accurate in line flyer plate 
and quartz shock velocity measurements

Knudson and Desjarlais, PRL 103, 225501 (2009)



Us-up Hugoniot for 

sU
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Hugoniot for -Quartz

pdu

pp ecubua




Knudson and Desjarlais, PRL 103, 225501 (2009)



Pressure – density Hugoniot for 
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density Hugoniot for -Quartz

Knudson and Desjarlais, PRL 103, 225501 (2009)



0.1

Us residuals with respect to the Z
dissociative effects extend to much higher pressure

10

residuals with respect to the Z-fit indicate 
dissociative effects extend to much higher pressure

Knudson and Desjarlais, PRL 103, 225501 (2009)



quartz up

quartz 

Differences in Z- and 
impact on quantities inferred from quartz 
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and -fits will have a significant 
impact on quantities inferred from quartz Us



Recently published deuterium data becomes 
significantly stiffer upon reanalysis

Knudson, et al., Phys. Rev. B 68, 064204 (2003)

-fit
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Recently published deuterium data becomes 
significantly stiffer upon reanalysis

Hicks, et al., Phys. Rev. B 79, 014112 (2009)

Z-fitfit



Errors in density compression, 
error in quartz up multiplied by the factor (

(error in )/( – 1) 
for deuterium
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Errors in density compression, , are given by the 
multiplied by the factor ( – 1) 

error in 
for deuterium



Correction for helium likely even larger given the 
reported density compression of 
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Correction for helium likely even larger given the 
reported density compression of  > 6

Eggert, et al., PRL 100, 124503 (2008)
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Experiments are underway to evaluate deep
release from ~300-800 GPa on the Quartz Hugoniot
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Experiments are underway to evaluate deep
800 GPa on the Quartz Hugoniot
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Hugoniot of aerogel
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Quartz release measurements 
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Quartz release measurements 

Particle Velocity (km/s)



Quantum Molecular Dynamics calculations in good 
agreement with experiment
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Quantum Molecular Dynamics calculations in good 
agreement with experiment

Particle Velocity (km/s)
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Quantum Molecular Dynamics calculations in good 
agreement with experiment
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Particle Velocity (km/s)

Quantum Molecular Dynamics calculations in good 
agreement with experiment
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Quantum Molecular Dynamics calculations in good 
agreement with experiment
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Particle Velocity (km/s)

Quantum Molecular Dynamics calculations in good 
agreement with experiment



The Z platform provided extremely accurate 
measurements of the Quartz release
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The Z platform provided extremely accurate 
measurements of the Quartz release



The Z platform provided extremely accurate 
measurements of the Quartz release
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The Z platform provided extremely accurate 
measurements of the Quartz release



Recent Results from Boehly, et al., demonstrate the 
potential errors that can be made
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Recent Results from Boehly, et al., demonstrate the 
potential errors that can be made

Density

Particle
Velocity



Correction for helium likely even larger given the 
reported density compression of 
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Correction for helium likely even larger given the 
reported density compression of  > 6

Eggert, et al., PRL 100, 124503 (2008)



Conclusions

• -Quartz

– Experiments and calculations indicate the energy imprint of 
disorder and dissociation persist to ~1 TPa 

– These results have significant implications for recently 
published impedance match data using quartz standard

» Correction scales with ( – 1)

» Reanalysis of recent deuterium results suggest Z and laser 
platforms are in agreement, and that 
4 to 250 GPa
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Experiments and calculations indicate the energy imprint of 
disorder and dissociation persist to ~1 TPa 

These results have significant implications for recently 
published impedance match data using quartz standard

1)

Reanalysis of recent deuterium results suggest Z and laser 
platforms are in agreement, and that  is slightly greater than 


