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INTRODUCTION

Si-doped  plastic  is  an  interesting  material  that  is 
considered for ICF capsule design. Doping plastic with a 
mid-Z element such as Ge or Si is expected to ensure a 
high ablation velocity and efficient protection of the cryo 
fuel  from  preheating.  Such  materials  are  complex 
mixtures for which theoretical modeling is challenging. 

CH(Si)  has  recently  been  tested  on  the  NIF  and 
proved  to  be  an  interesting  material  for  its  implosion 
performances  [1,  2].  Its  K-shell  absorption  edge  is 
located at higher energies than in the case of Ge (2 keV 
versus 1.3 keV), so that more thermal radiation from the 
hohlraum is absorbed at the ablation front. In the case of 
Ge,  more  thermal  radiation is  absorbed  by  the  dopant 
instead of reaching the ablation front

In  this  report  we  present  results  obtained  from 
experiments  conducted  on  the  GekkoXII  laser  facility 
and  performed  in  the  continuity  of  previous  CHOGe 
experiments  [3].  High  precision  measurements  of 
pressure density and temperature were obtained up to 5 
Mbar and found to be in good agreement with theoretical 
Hugoniot curve. Modeling of reflectivity measurements 
show  that  shocked  samples  transition  from  a  semi-
conductor state to a metal-like state.

EXPERIMENTAL SETUP

We used  the  experimental  configuration  that  was 
implemented  for  EOS  studies  on  the  GekkoXII  laser. 
Shock  pressure,  reflectivity  and  temperature  were 
monitored  using  a  VISAR  diagnostic.  A  self-optical 
pyrometry  diagnostic  (SOP)  recorded  the  apparent 

temperature as function of time.
Targets  consisted  of  a  CH ablator,  a  Ti  shield,  a 

quartz standard for impedance mismatch and the CHOSi 
sample. Measurements of shock velocities in quartz and 
CHOSi give access to pressure and density in shocked 
CHOSi  using  impedance  mismatch  and  Hugoniot  –
Rankine conservation equations.

HUGONIOT MEASUREMENTS

VISAR  measurements  gave  shock  velocities 
histories in quartz and CHOSi. High quality images were 
obtained for all shots so that shock velocities could be 
extracted  with  an  uncertainty  of  a  few  percent.  This 
translates into an error ~10% on density. Experimental 
data  were  obtained  using  impedance  mismatch  from 
quartz.  The  release  curve  from  quartz  was  calculated 
using  a  Mie-Grüneisen  equation  of  state.  Data  are  in 
general good agreement with theoretical model QEOS-
Yukawa.

Thanks to the recent improvements of laser energy 
performance,  Hugoniot  data  was  obtained  with  high 
precision up to ~5Mbar (see preliminary data in figure 
1). For the time being, only a QEOS-type EOS table has 
been  generated  and  was  used  to  predict  experimental 
results.  Data  analysis  shows  a  fair  agreement  in  the 
pressure-density  plane.  However,  the  trend  given  by 
these first results seems to show an underestimation of 
the compressibility in the modeling. Before drawing any 
definitive conclusions, more statistics is needed in order 
to confirm that trend.



Fig. 1 : Preliminary Hugoniot data obtained for CHOSi  
with 2% atomic fraction, inset shows VISAR image.

OPTICAL MEASUREMENTS

The VISAR diagnostic was equipped with a fiducial 
fiber  system  allowing  absolute  reflectivity 
measurements.  The  data  (fig.  2)  can  be  fitted  with  a 
semi-conductor gap closure model [4]. 

Fig. 2. Reflectivity along the Hugoniot as function of  
density. Data is fitted using a semi-conductor gap 

closure model[4]. Blue dotted line shows energy gap.  
Negative values of the gap correspond to a metallic state.

Reflectivity  analysis  is  now  being  carried  out  and 
preliminary  data  show  a  semi-conductor  to  metal 
transition around 3 g/cc. These results will be compared 
to QMD simulations in the near future. 

Temperature  was  also  measured  using  absolute 

calibration of the optical system. Apparent temperatures 
were  corrected  from  shock  reflectivity  in  order  to 
estimate a grey-body temperature.
Preliminary  data  is  in  good  agreement  with  QEOS 
modelling of CHOSi mixtures (Fig. 3). These data will 
be  further  analyzed  using  the  quartz  reference 
temperature as function of shock velocity.

Fig. 3 : Preliminary shock temperatures data obtained  
for CHSi with 2% atomic fraction.

CONCLUSIONS

This  experiment  successfully  provided  first 
measurements  of the EOS and reflectivity of  Si-doped 
CH that is used for Laser Mégajoule ICF capsules. 
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