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Motivation for -Quartz measurements

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

• 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, water, 

xenon, krypton, carbon dioxde, …

• 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

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

Experiment
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Anode/Flyer Plate

Target

Cathode
Anode

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



6

Us-up Hugoniot for -Quartz

pdu
pps ecubuaU 

Knudson and Desjarlais, PRL 103, 225501 (2009)
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Aerogel Hugoniot

We have performed a series of experiments to 
measure release from 300 – 800 GPa states
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The same experiment provides Hugoniot and 
release measurement via velocity interferometry

aerogel

quartz / aerogel
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Hugoniot of ~200 mg/cc aergoel has been well 
characterized

Z data

Vildonav

Fit

Zhernokletov

Knudson, et al., JAP 97, 073514 (2005)
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Shocked state of quartz

Shocked state of aerogel

Six release experiments have been performed from 
300 – 800 GPa Hugoniot states

QMD release 
calculation
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Quantum Molecular Dynamics calculations in good 
agreement with experiment
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Quantum Molecular Dynamics matches trend in, but 
slightly underestimates, the correction to the RH
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The absolute correction appears to increase linearly 
with the RH particle velocity

Z data

QMD Calculations

Fit
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Expressed as a percentage, the correction appears 
to saturate at ~ 2 – 2.5 %

Z data

QMD Calculations

Fit
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Recent Results from Boehly, et al., demonstrate that 
potential errors can be significant

Density

Particle
Velocity

Z data

Boehly

Fit

Boehly, et al., Shock Proceedings (2008)
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These results should provide better constraints for 
measurements made with quartz standard

Eggert, et al., PRL 100, 124503 (2008)
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Recent experiments on water test the QMD release 
calculations at higher pressure

Water Hugoniot
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Podurets

Mitchell

Consistent results found between quartz and 
aluminum standard with Z fit and QMD correction

quartz standard

Z data

Omega data

Volkov

Podurets corrected

Sesame

QMD

Neptune isentrope

436b isentrope
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Conclusions

– The quartz Hugoniot has been determined with very high 
precision to ~1.6 TPa
» Enables quartz to be used as a standard in shock wave 

experiments with moderate impedance materials

– Deep release measurements of quartz have provided data 
to characterize the adiabatic expansion
» Enables quartz to be used as a standard in shock wave 

experiments with low impedance materials

– Recent experiments on water suggest the QMD release 
calculations are accurate

– These results have significant implications for recently 
published impedance match data using quartz standard
» Correction scales with ( – 1)




