Predicting Hot-Electron Generation in Inertial Confinement
Fusion with Particle-in-Cell Simulations
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Hot-electron generation in direct drive can be predicted by PIC simulations
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* A hot-electron scaling was obtained from PIC simulations as a function of laser-plasma
conditions in the quarter-critical region

* Using this scaling and conditions from LILAC simulations, whole-pulse hot-electron
generation can be predicted

« After accounting for realistic laser-smoothing techniques, speckle statistics, and
inaccuracies in hydro-simulations, the predicted hot electrons for a collection of OMEGA
warm target implosions agreed with the experimental data within experimental error bars,
showing the promise of this approach

This material is based upon work supported by the Department of Energy National
Nuclear Security Administration under Award Number DE-NA0003856, the University of
Rochester, and the New York State Energy Research and Development Authority.
We thank the UCLA-IST OSIRIS Consortium for the use of OSIRIS.

PIC: particle-in-cell
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Laser-plasma instabilities in the OMEGA experiments were shown to be
dominated by two-plasmon decay (TPD)*
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A predictive hot-electron capability is required for direct inertial confinement fusion design.

* A. Simon et al., Phys. Fluids 26, 3107 (1983).
** W. Seka et al., Phys. Rev. Lett. 112, 145001 (2014).




Previous efforts for hot-electron scaling focused on the dependency of n ***1
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* C. Stoeckl et al., Phys. Rev. Lett. 90, 235002 (2003).
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We used 2-D OSIRIS simulations* to study hot-electron scaling
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*R. A. Fonseca et al., in Computational Science — ICCS 2002, edited by P. M. A. Sloot et al., Lecture Notes in Computer Science, Vol. 2331 (Springer, Berlin, 2002), p. 342.
B.C.: boundary condition
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Smoothing by spectral dispersion (SSD)* induces intermittent speckles

on a time scale of 3 ps
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L=150 um, I=2.0 x 10'* W/cm?
T.=2.5keV, T, =1.5 keV
*S. Skupsky et al., J. Appl. Phys. 66, 3456 (1989).




The obtained scaling law depends on n as well as T,
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description of fot (increases with Te)



Laser-smoothing effects need to be considered
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Hot-electron energy and the measured charge can be predicted with T, ,
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LILAC intensity was modified by minimizing the relative error
of the measured charge
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I, is laser intensity from LILAC.
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The same approach was used to optimize the prediction of hot-electron energy
and the average hot-electron temperature was calculated via calibration
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Summary/Conclusions

Hot-electron generation in direct drive can be predicted by PIC simulations
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* A hot-electron scaling was obtained from PIC simulations as a function of laser-plasma
conditions in the quarter-critical region

* Using this scaling and conditions from LILAC simulations, whole-pulse hot-electron
generation can be predicted

« After accounting for realistic laser-smoothing techniques, speckle statistics, and
inaccuracies in hydro-simulations, the predicted hot electrons for a collection of OMEGA
warm target implosions agreed with the experimental data within experimental error bars,
showing the promise of this approach

PIC: particle-in-cell
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