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RMI Radiography Application

Summary

Gas Gun SetupOverview
The shock response of heavy liquids was tested in a gas gun to 
determine index of refraction and Hugoniot equation of state 
data. Materials tested include:

     • Per�luorooctane (PFO)
     • Per�lubron (PFB)
     • Sodium polytungstate (SPT) + deuterium oxide (D2O)
     • Lithium heteropolytungstate (LST) + D2O 

Materials were subjected to one-dimensional compression from 
a copper impactor and driver, and Photonic Doppler 
Velocimetry (PDV) was used to measure shock and particle 
velocity through the liquid cell at pressures between 6.1 and 
10.6 GPa. 

SPT and LST are adjustable density solutions up to ~3 g/cm3 
and have low toxicity, and can be used as impedance-matched 
window materials for equation of state experiments1. These 
four heavy liquids are good candidates for tamped Richtmyer– 
Meshkov Instability (RMI) experiments to interrogate dynamic 
interface instabilities at non-zero pressure.

Impact experiments were conducted using a single-stage gas gun with 
an 18 m long barrel and 6.35 cm diameter projectile, which carried a 6 
mm thick copper impactor. The heavy liquid material is con�ined inside 
a copper cell, which is capped with a fused silica window. Projectile 
impact at 1.3 km/s sends a one-dimensional shock through the heavy 
liquid material.

X-ray phase contrast imaging at Argonne National Lab's Advanced 
Photon Source was used to interrogate RMI at non-zero pressure. A 
x-ray image montage, spectrogram, and model correlation plot are 
shown here for a PFO-tamped test with a tantalum impactor and 
molybdenum driver at an impact velocity of 2.326 km/s. These 
experiments utilize the shocked index of refraction measurements 
to correct PDV data, and liquid Hugoniot data to calibrate models. 

Shock impact experiments were conducted on four heavy liquid materials to obtain optical and 
Hugoniot data. These materials are of interest as potential impedence-matched window 
material for high density material Hugoniot characterization, as well as non-vacuum tampers 
for RMI experiments. Data obtained in these experiments provide optical transmissibility 
information, and material shock properties for calculations and model calibration.

Shock Hugoniot and Index of Refraction Data
Hugoniot properties of the heavy liquid materials can be calculated from the measured impact velocity (Up), shock 
velocity (U�), and impedence matching at the copper-liquid interface.
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PFO 1.77 1.290 3.079 1.126 1.127 1
PFB 1.93 1.291 3.083 1.115 1.118 3

LST + D2O 2.91 1.274 3.260 1.024 1.046 22
SPT + D2O 3.01 1.284 3.460 1.013 1.056 43

Diagnostics:
     • Time of arrival detector (TOAD) pins 
        for impact velocity, timing, and tilt
     • 2 PDV probes at 1550 nm: 
           One re�lecting off the copper-liquid 
           interface (P1)
           One off a stainless steel shim glued 
           to the liquid-window interface (P2).

U� = shock speed through liquid = liquid cell depth / (t2 - t1)
up = calculated heavy liquid particle velocity using impedence matching
u’p = measured heavy liquid particle velocity from PDV P1

Difference in calculated and measured particle velocities 
can be used to calculate shocked index of refraction using3:

Examples: 
  PFB: n0 = 1.305   n  = 1.476
  SPT: n0 = 1.565   n  = 1.782 
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Further, if material strength and 
optical response of these tamper 
liquid materials are well known, 
then the need for radiography can be 
eliminated from future experiments 
to allow for more �lexible test 
platforms.

Per�luorooctane and Per�lubron Models2

A portion of this publication is based upon work performed at the Dynamic Compression Sector, which is operated by Washington State University under the U.S. Department of Energy  (DOE)/National Nuclear Security Administration award no. DE-NA0003957.  This research used resources 
of the Advanced Photon Source, a DOE Of�ice of Science User Facility operated for the DOE Of�ice of Science by Argonne National Laboratory under contract no. DE-AC02-06CH11357.

Gas Gun Target Photo

SAND2022-8842CThis paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed in
the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a wholly owned
subsidiary of Honeywell International Inc., for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-NA0003525.


