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Theory (70s-2010s): demixing only inside Saturn explains 
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Many theoretical studies for H-He mixing  
but no experimental data above ~10 GPa 

Demixing is bounded by metallic transition at low P and 
competition of T vs mixing energy at high P 

THEORY: 
Chemical model: 

  Stevenson, PRB, 1975 
Monte Carlo: 

  Schouten, PRB, 1991  
Ab initio:  

 Kepleis, Science, 1991 
 Pfaffenzeller, PRL, 1995 
 Lorenzen, PRL 2009  
 Hamel: PRB, 2011 
 Morales, PRB, 2013 
 Soubiran, PRB, 2013 

 
EXPERIMENTS 
DAC Phase diagram: 

 Loubeyre 1990 
[Morales, et al, 2013] 
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A change in reflectivity is expected upon demixing 

•! Demixed fluid conducts well like pure metallic H 

•! Mixed fluid conducts less due to He “impurities” 

Lorenzen et al., PRB 
Stevenson 2008, 
Soubiran et al., PRB 

•! Difference in R~ 10 % 
•!Timescale ~ few ps 
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Shock compression of precompressed samples 
allows to tune the P-T shock compression path 

[Jeanloz, et al, PNAS 2007] 
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High pressure properties of H-He mixtures are 
explored by shock loading precompressed 
targets 
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We discovered an anomaly in the onset of reflectivity 
for a ~protosolar He-H mixture (P0=4 GPa) 

Pure H or He and 
other P0 or He 
content mixtures 
have a monotonous 
onset 
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[Brygoo, Loubeyre, Millot et al, under review] 
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The same mixture has an anomalous shock 
heating curve, suggesting a phase transformation 
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[Brygoo, Loubeyre, Millot et al, under review] 
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Our experiments suggest that the demixing 
region extends to higher temperature 
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[Brygoo, Loubeyre, Millot et al, under review] 
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Demixing could occur in a large fraction of 
Saturn and Jupiter 

[Brygoo, Loubeyre, Millot et al, under review] 
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Isop_sop_ross_s79476:  

Solid Deuterium  
P0=120 kbar 

Raw VISAR Data showing evidence 
of Metallic Hydrogen (Deuterium) 

near 150 GPa and 3000 K 
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[Millot et al, in preparation] 
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"! 4 cryogenic shots 
"! Successful reverberation compression to >3 Mbar 
"! Excellent quality VISAR data 
"! Signatures of changes in the hydrogen optical properties 

Exploring similar P-T than 
Knudson et al Science 2015  
~10x faster timescale  




