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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, …

• For accurate results there is a need 
to understand the off-Hugoniot 
response of quartz
– In particular the quartz release response 

is needed for use with lower impedance 
materials

He
Hugoniot

Eggert, et al., PRL 100, 124503 (2008)
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Us-up Hugoniot for -Quartz

Knudson and Desjarlais, PRL 103, 225501 (2009) 4
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CO2

110 mg/cc aerogel

GDP

TPX

HO2

D2

H2

He

200 mg/cc aerogel

Quartz 
RH

Quartz 
release

Corrections to Reflected Hugoniot not insignificant 
and change sign depending on sample impedance
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Mie-Grüneisen, constant  with non-linear reference 
does not provide adequate description of release

110 mg/cc aerogel

TPX

200 mg/cc aerogel

Quartz 
RH

Quartz 
release

Mie-Grüneisen with non-linear Hugoniot reference, constant 

 = 0.66

 = 1
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110 mg/cc aerogel

TPX

200 mg/cc aerogel

Quartz 
RH

Quartz 
release

Mie-Grüneisen with linear Hugoniot reference, constant eff

eff = 0.355
S = 1.197

Mie-Grüneisen, constant eff with linear reference 
shows remarkable agreement with QMD release
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Mie-Grüneisen with linear Hugoniot reference, constant eff

eff = 0.447
S = 1.190

eff = 0.356
S = 1.198

eff = 0.205
S = 1.189

eff = 0.578
S = 1.211

eff = 0.592
S = 1.205

Mie-Grüneisen, constant eff with linear reference 
agrees over large extent of the quartz Hugoniot

S and eff optimized 
to minimize 
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Mie-Grüneisen with linear Hugoniot reference, constant eff

eff = 0.457

eff = 0.355

eff = 0.220

eff = 0.558

eff = 0.580

Mie-Grüneisen, constant eff with linear reference 
and fixed S negligibly degrades level of agreement

S = 1.1971
eff optimized
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Marx 
generator

insulator 
stack

laser-
triggered 

gas switch
magnetically 

insulated 
transmission 

lines

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
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The same experiment provides Hugoniot and 
release measurements via velocity interferometry

aerogel

quartz / aerogel
Knudson, et al., submitted to JAP
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~110 mg/cc silica aerogel Us-up Hugoniot

Z data

Vildanov

Kerley 7360

Zhernokletov

Knudson, et al., submitted to JAP

Fit to Z data

-0.703

1.232

6.68e-2

1.59e-4

-3.19e-3



~200 mg/cc silica aerogel Us-up Hugoniot
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Z data

Vildanov

Simakov andTrunin

Boehly

Knudson, et al., submitted to JAP

Kerley 7360

Zhernokletov

Fit to Z data

-0.393

1.248

3.42e-2

1.00e-4

-1.82e-3
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TPX  Us-up Hugoniot

Z data

Fit to Z data

2.69

1.31

3.67e-3

1.52e-5

-2.16e-4
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eff determined for each release measurement, 
uncertainties evaluated via Monte Carlo method

110 mg/cc
aerogel

TPX

200 mg/cc
aerogel

eff = 0.615
± 0.039

eff = 0.509
± 0.043

eff = 0.348
± 0.068
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eff exhibits similar trend for all release standards 
and shows very good agreement with QMD trend

The similar trend in eff for all 

three release standards 

suggests that the Mie-

Grüneisen, constant eff

model with linear Us-up

Hugoniot reference 

adequately describes the 

release path to quite low 

pressure states

These results corroborate 

the QMD release 

calculations, albeit with a 

slightly higher eff for a given 

quartz shock velocity

0.615

8.97e-2

11.708

3.25e-4

6.10e-4

0.598

-3.58e-4

-9.40e-3

1.84e-2
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Simple analytical model for impedance matching 
with quartz into lower impedance material

� �
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Z direct impact

Z impedance matched

Fit to Z direct impact

~110 mg/cc silica aerogel Us-up Hugoniot
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Boehly as published

Z direct impact

Fit to Z direct impact

Z impedance matched

Boehly reanalyzed

~200 mg/cc silica aerogel Us-up Hugoniot
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Z direct impact

Z impedance matched

Fit to Z direct impact

TPX  Us-up Hugoniot



22Barrios, et al., J. Appl. Phys. 111, 093515 (2012)Hamel, et al., Phys. Rev. B 86, 094113 (2012)

Hamel QMD

Cochrane QMD

Barrios

Hamel reanalysis

Knudson reanalysis

Recent GDP experiments nicely illustrate the effects 
of the quartz Hugoniot and release standard

Original Omega experiments 
of Barrios used Hugoniot from 
laser driven experiments and 

Mie-Grüneisen, constant 
 with, and non-linear 
reference for impedance 

matching

Hamel performed a reanalysis 
using Z quartz Hugoniot but 

the same release model

Reanalysis with Z quartz 
Hugoniot and Mie-Grüneisen, 

constant eff, and linear 
reference lies between the 

two other analyses with 
reduced uncertainty

Relevant region 
for NIF capsule 

designs
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Conclusions

– Quartz release behavior was explored through QMD calculations from 300-
1100 GPa states along the Principal Hugoniot 

» These calculations provided a framework for a simple release model

– A simple, analytical model was developed for impedance matching when 
using quartz as a standard with lower impedance materials

» Mie-Grüneisen, constant eff, and linear Us-up Hugoniot reference

» S for the reference Hugoniot fixed at S=1.1971

» eff(Us) determined through experiments using low density silica aerogel and TPX 
samples

– Quartz release experiments were performed using aerogel and TPX which 
exhibit a large range in shock impedance

» These results were analyzed to determine eff(Us)

» Agreement between inferred eff for the various samples suggests the simple 
model adequately describes the release response

– Model allows for simple reanalysis of previously reported data sets using 
quartz as a standard provided that the observables were included


