
LLNL-PRES-XXXXXX 
This work was performed under the auspices of the U.S. Department  
of Energy by Lawrence Livermore National Laboratory under contract  
DE-AC52-07NA27344. Lawrence Livermore National Security, LLC 

Presented to OLUG 
27 April 2012 



Lawrence Livermore National Laboratory LLNL-PRES-xxxxxx 
2 

HEDS on NIF (HEDS on OMEGA covered by Postdocs/Students)  
 
Basic Science on NIF (LBS on OMEGA covered by Postdocs/Students)   
 
Jupiter Facility  
 
FLASH/LCLS 
 
Nevada TWF 
 
ZBL 
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EOS Ta EOS! Strength Drive Characterization!

Radiation Transport!
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Effect of radiation on 
supernova 

hydrodynamics 

 University of Michigan  

C/Fe equation  
of state 

 UC  Berkeley; 
Princeton University 

Nucleosynthesis and 
the s-process 

LLNL; LANL; Ohio 
University 
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NIF can now recreate the most extreme planetary core 
states in the solar system 
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Ramp compressed carbon on NIF to 50 
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Compression 

1 2 3 

R.F. Smith, J.H. Eggert, D.G. Braun, J.R. Patterson-1, R.E. Rudd, R. Jeanloz, T.S. Duffy, J. Biener, A.E.Lazicki, A.V. Hamza, J. Wang, T. Braun, L.X. Benedict, P.M. Celliers, G.W. 
Collins 
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VISAR	  A	  140/151.7/162.6/172.5μm	  	  
Diamond	  

10μm	  Au	  

Ufs(t)	  

80μm	  Diamond	  

140µm	  step	  

• Free surface reflectivity maintained 
• Sample compressed with a series of small shocks and intermediate ramps 
• EOS may be obtainable - analysis underway 
• Next shot to use optimized laser pulse 
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•  All 4 steps successfully compressed with steady 0.5 MBar shock 
•  Shock formed- VISAR blanked above ~ 6 km/sec (~ 2-3 MBar) 
•  Optimization of pulse shape in progress 
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 Four collectors mounted on a DIM 

Collectors are retrieved post-shot 

196mAu 196gAu 
198Au 

150       200        250      300       350      400       450       500 
Energy (keV) 

1000 

>75% of capture from En <700 keV 

NIF shot # 

γ-decay spectra are counted in B151 
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Streaked X-Ray Radiography 
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à With the mass density profile, 
shock speeds and Te we can 
constrain the EOS 

Radiography 

XRTS Te

Te

1.3 MJ Drive 

Solid CH 
Sphere 

Shock compression of 
Solid CH Sphere 

X-ray Thomson Scattering 
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Jupiter facility 
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Jupiter facility 
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B BN 

Jupiter facility 
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1
7

He+N He 
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1
8

1.4 GeV electrons are produced in a  
13 mm gas target 

1.3x1018 cm-3, 1.3 cm, 3% CO2 

Highest LWFA energy 
achieved to date 

Pollock et.al., PRL 107 045001 (2011) 

Implementing a two-stage target 
reduces the energy spread to <10% 

Injection is terminated at the end of the 
first stage 

The 100% energy spread is due to the 
injection mechanism 
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K. Tiedtke et al., New Journal of Physics 11, 
023029 (2009) 
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HiTRaX (90°) 

FEL probe 
92 eV, 150 fs, 100 µJ 

Optical laser (pump) 
800 nm, 80 fs, 10 mJ 
1015 ... 1016 W/cm2 

21.5° 

Source monitor 

VLS spectr. (21°) 

Liquid hydrogen 
droplet source 

~ 10 µm diameter 
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Courtesy of U. Zastrau 
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Target views 

FEL, 2 keV 
40-800 fs, 
<3mJ 

Target chamber 
S Hau-Riege, A Graf, T Doeppner, S Glenzer et al. 

S Hau-Riege, accepted, PRL (2012)  
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S Hau-Riege et al., accepted, PRL (2012)  

Diffuse Scatter showing 
Pulse Length Dependence 

Experimental Setup 



Lawrence Livermore National Laboratory LLNL-PRES-xxxxxx 
24 

We infer ion heating up to 5 eV in 
graphite within a 80 fs long XFEL 

pulse at 2 keV photon energy 

S Hau-Riege et al., accepted ,PRL (2012)  



Lawrence Livermore National Laboratory LLNL-PRES-xxxxxx 
25 

NIF        Target Physics 
 
Physical and Life Sciences  EOS 

       Radiative Properties 
       Fusion Energy 

•  Includes ≈ 20 Postdoctoral Researchers, 10 Students, 10 Participating 
Guests, and offices for Scientists from LANL, SNL, OMEGA, MIT 

•  Also in close proximity to target design scientists in B381 
 

•  We are always looking for creative, motivated early-careeer scientists  




