Achievement of Core Conditions for Alpha Heating
in Direct-Drive Inertial Confinement Fusion
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OMEGA implosions hydro-scaled to the National Ignition Facility (NIF)
would produce comparable alpha heating but with several times
more fusion energy compared to indirect drive*
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e Using hydrodynamic simulations, we reconstruct
the experimentally observed conditions of the core

* Followed by a volumetric scaling of the core to a 1.9-MJ driver
with the same illumination configuration and laser-target coupling;
the only assumption is that the implosion hydrodynamic efficiencyt
is unchanged at higher energies

* We find that correcting the low-mode asymmetries can take
these implosions to the burning plasma regime

*A. Bose et al., Phys. Rev. E 94, 011201(R) (2016).
TC13131 tFraction of laser energy converted to kinetic energy of imploding shell
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Translating direct-drive hot-spot pressures to ignition

and alpha-heating metrics
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Alpha-heating yield-extrapolation technique
has been developed for direct drive
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e Direct-drive implosions have repeatedly demonstrated hot-spot pressures in excess of 50 Gbar*

* For the best performing shot Yield 5.3 x 1013 (+5%)
Ti (keV) 3.6 (+0.3) OMEGA shot 77068
PR (g/cm?2) 0.196 (+0.018) Xno o =~ 0.138
Stagnating mass (ug) 11.5

 Hydrodynamic scaling of the core 1.9 MJ
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*S. P. Regan et al., Phys. Rev. Lett. 117, 025001 (2016).
tR. Nora et al., Phys. Plasmas 21, 056316 (2014).
TC13214 A. Bose et al., Phys. Plasmas 22, 072702 (2015).
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TC13214a A. Bose et al., Phys. Plasmas 22, 072702 (2015).
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The radiation—hydrodynamic code DEC2D* is used to simulate
the deceleration phase of implosions
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Reconstruction of the deceleration phase: using a combination
of low modes (£ ~ 2) to degrade the hot-spot pressure with a spectrum
of intermediate modes to retain a 1-D-like hot-spot volume
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Reconstruction of the deceleration phase:
to match experimental observables of the core
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Extrapolating OMEGA results to hydro-equivalent targets driven
by 1.9-MJ symmetric illumination leads to 125 kd of fusion yield
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Correcting the low-mode asymmetries can
take direct drive to the burning plasma regime
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Summary/Conclusions

OMEGA implosions hydro-scaled to the National Ignition Facility (NIF)
would produce comparable alpha heating but with several times
more fusion energy compared to indirect drive*
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e Using hydrodynamic simulations, we reconstruct
the experimentally observed conditions of the core

* Followed by a volumetric scaling of the core to a 1.9-MJ driver
with the same illumination configuration and laser-target coupling;
the only assumption is that the implosion hydrodynamic efficiencyt
is unchanged at higher energies

* We find that correcting the low-mode asymmetries can take
these implosions to the burning plasma regime

*A. Bose et al., Phys. Rev. E 94, 011201(R) (2016).
tFraction of laser energy converted to kinetic energy of imploding shell
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