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Mo*va*on:	
  Can	
  we	
  isochorically	
  heat	
  up	
  RMT	
  targets	
  to	
  high	
  temperatures?	
  

Considerable	
  interest	
  in	
  isochoric	
  hea7ng	
  of	
  solid	
  density	
  plasmas	
  to	
  uniform	
  
temperatures	
  for	
  opacity,	
  equa7on	
  of	
  state,	
  and	
  material	
  proper7es	
  measurements	
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Simula*on	
  Goals	
  

•  We	
  are	
  studying	
  how	
  these	
  parameters:	
  
– Laser	
  Intensity	
  	
  
– Preplasma	
  Scale	
  Length	
  

– Target	
  Thickness	
  
•  Affect	
  these	
  physical	
  phenomena	
  

– Average	
  Target	
  Ion	
  Temperature	
  
– Target	
  Temperature	
  Uniformity	
  

– Above	
  Solid	
  Density	
  Ion	
  Shock	
  



1D:	
  Baseline	
  Simula*on	
  Parameters	
  

•  LSP	
  PIC	
  modified	
  by	
  OSU	
  HEPD	
  group.	
  
•  All	
  ParEcles	
  Fully	
  KineEc	
  
•  Cell	
  size	
  λ/16	
  and	
  37μm	
  long	
  grid	
  

•  6+	
  ionized	
  copper	
  5μm	
  target,	
  with	
  20μm	
  of	
  
preplasma	
  of	
  varying	
  scale	
  lengths	
  including	
  one	
  
from	
  Habara	
  et	
  al.[3]	
  

•  λ=	
  1um,	
  varying	
  intensity,	
  1	
  ps	
  duraEon	
  Sin2	
  pulse	
  

•  Timestep	
  	
  of	
  60	
  Emesteps/opEcal	
  cycle	
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  70,	
  046414	
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Pre-­‐Plasma	
  From	
  Habara	
  et	
  al.[3]	
  



1D:	
  Intensity	
  Varia*on-­‐	
  5μm	
  Thick	
  Target	
  

1 ps 

Little density variation between intensities until a shock is generated. 

2 ps 

3 ps 4ps 
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1D:	
  Average	
  Ion	
  Temperature	
  Vs.	
  Laser	
  Intensity	
  

Bars	
  show	
  1σ	
  
variaEon	
  of	
  target	
  
temperature	
  

No	
  Shock	
  
Shock	
  

Large increase in intensity (energy) required to double temperature. 



1D:	
  Preplasma	
  Scale	
  Length	
  Varia*on	
  

No	
  Shock	
  
Shock	
  

Bars	
  show	
  1σ	
  
variaEon	
  of	
  target	
  
temperature	
  

Run	
  at	
  intensity	
  of	
  5x1020	
  

The	
  scale	
  length	
  needs	
  to	
  be	
  short	
  to	
  achieve	
  the	
  best	
  heaEng	
  

Average	
  Ion	
  Temperature	
  at	
  5ps	
  	
  



Moving	
  From	
  1D	
  To	
  2D	
  

•  The	
  issue	
  of	
  heaEng	
  uniformity	
  is	
  more	
  
realisEcally	
  treated	
  in	
  2D.	
  

•  2D	
  SimulaEon	
  parameters	
  
– Cell	
  size	
  λ/16	
  for	
  most	
  of	
  the	
  grid	
  including	
  laser	
  
and	
  target.	
  

– Target	
  width	
  100μm	
  in	
  the	
  transverse	
  direcEon	
  

– Laser	
  spot	
  FWHM	
  5μm.	
  
– Preplasma	
  from	
  Habara	
  et	
  al.	
  which	
  is	
  likely	
  similar	
  
for	
  the	
  RAL	
  experiment.	
  



Compare	
  1D	
  and	
  2D	
  Target	
  Center	
  

The	
  center	
  of	
  the	
  2D	
  target	
  correlates	
  well	
  with	
  the	
  1D	
  target.	
  
We	
  see	
  similar	
  requirements	
  of	
  intensity,	
  pre-­‐plasma	
  for	
  a	
  shock.	
  

To	
  compare	
  with	
  1D,	
  average	
  over	
  the	
  
center	
  4μm	
  in	
  transverse	
  direcEon.	
  

Plot	
  Vs.	
  X	
  

Laser	
  
Propagates	
  

In	
  X	
  

Target	
  



2D:	
  Density	
  Spa*al	
  Varia*on	
  and	
  Evolu*on	
  

5μm	
  Target	
  Ion	
  Density	
  at	
  5ps	
   2μm	
  Target	
  Ion	
  Density	
  at	
  1.5ps	
  

2μm	
  Target	
  Ion	
  Density	
  at	
  3ps	
  
•  Targets	
  of	
  different	
  thicknesses	
  

appear	
  to	
  evolve	
  similarly,	
  but	
  
at	
  different	
  rates.	
  

•  Time-­‐integrated	
  diagnosEcs	
  
will	
  average	
  over	
  this.	
  



2D:	
  Ion	
  Temperature	
  Vs.	
  Transverse	
  Posi*on	
  

	
  Average	
  Temp: 	
  3500	
  eV 	
   	
  3300	
  eV 	
  	
  
	
  RMS: 	
  5400	
  eV 	
   	
  4600	
  eV	
  

Average	
  Over	
  Width	
  

Plot	
  Vs.	
  
Transverse	
  
PosiEon	
  

Laser	
  

Target	
  

2.5 ps 4.5 ps 

5	
  μm	
   5	
  μm	
  



2D:	
  Ion	
  Temperature	
  Vs.	
  Transverse	
  Posi*on	
  

At	
  all	
  the	
  Emes	
  the	
  thinner	
  target	
  has	
  a	
  higher	
  
average	
  temperature.	
  RelaEve	
  RMS	
  is	
  smaller.	
  
It’s	
  hoXer	
  and	
  more	
  uniform	
  

	
  Average	
  Temp: 	
  3500	
  eV 	
  5000	
  eV 	
  3300	
  eV 	
  3800	
  eV	
  
	
  RMS: 	
  5400	
  eV 	
  5300	
  eV 	
  4600	
  eV 	
  3500	
  eV	
  

2.5 ps 4.5 ps 

5	
  μm	
   5	
  μm	
  2	
  μm	
   2	
  μm	
  

Average	
  Over	
  Width	
  

Plot	
  Vs.	
  
Transverse	
  
PosiEon	
  

Laser	
  

Target	
  



Conclusions	
  

•  Our	
  simulaEons	
  suggest	
  that	
  for	
  a	
  given	
  laser	
  pulse	
  
there	
  is	
  target	
  size	
  that	
  achieves	
  best	
  heaEng	
  of	
  the	
  
target	
  over	
  the	
  largest	
  volume.	
  

•  Shocks	
  play	
  an	
  important	
  role	
  in	
  this	
  process.	
  

•  We	
  found	
  1D	
  sims.	
  show	
  good	
  correlaEon	
  with	
  the	
  
center	
  of	
  2D	
  targets,	
  but	
  there	
  are	
  phenomena	
  that	
  
show	
  up	
  at	
  later	
  Emes	
  in	
  2D	
  that	
  are	
  not	
  present	
  in	
  1D.	
  

Next:	
  
•  Can	
  uniformity	
  be	
  improved?	
  
•  Improve	
  simulaEons,	
  run	
  to	
  longer	
  Emes.	
  

•  Compare	
  to	
  hydro	
  simulaEon	
  using	
  FLASH,	
  HYDRA.	
  


