Understanding the Performance of Polar Drive Cryogenic Implosions on OMEGA
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Summary

The first set of Polar Direct Drive (PDD) cryogenic implosions on OMEGA indicate

that laser energy coupling is not significantly compromised in PDD geometry
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» Cryogenic targets were irradiated with ignition relevant intensities in both Polar Direct Drive
(PDD) and Spherical Direct Drive (SDD) configurations.

* Yield in PDD experiments was ~40% of SDD implosions; a comparable reduction is calculated

in 2D simulations.

* Neutron rate histories indicate that this reduction is not due to reduced coupling in PDD

geometry relative to SDD geometry.

+ Designs, more stable to the Rayleigh-Taylor instability will be investigated.
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Cryogenic implosions are being investigated on OMEGA in Polar Drive geometry at

ignition relevant intensity; the goal is to optimize performance
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Neutron yield depends on shape in simulations
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Experimental yield ratios are similar to those in simulations, though show a

different dependence on Ring 3 energy UR

LLE
Time-integrated

Experiment hotspot x-ray images
50 €
2. Prolate

X [ /
(] PY /
a 40 ° a )
Z — . E
(] e 3
o 30 -
; @

20 - 1

-10 -5 0 5 10 15

Ring 3 energy (% change)

pm

&) ROCHESTE




Laser drive in OMEGA PDD cryogenic implosions is close to that in SDD cryogenic

implosions LR
LLE

Cryogenic implosion experiments
NTD measurements
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. Neutrons in PDD cryo implosions are produced later than in SDD implosions but within the 50 ps variation of
instrument from day-to-day
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Simulations indicate that decreased drive only marginally influences yield
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~6% reduction in implosion velocity, delays bang-time by ~ 50 ps and reduces yield by only ~30%
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Areal density is reduced by ~80% in PDD relative to SDD, insufficient to explain the

observed yield reduction .
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Thicker cryogenic shells and more stable cryogenic implosions will be investigated
on OMEGA at the lower scale
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The effect of shorter wavelengths will be investigated next.
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Other options are being considered: Target solutions'
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Summary/Conclusions

The first set of Polar Direct Drive (PDD) cryogenic implosions on OMEGA indicate

that laser energy coupling is not significantly compromised in PDD geometry
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» Cryogenic targets were irradiated with ignition relevant intensities in both Polar Direct Drive
(PDD) and Spherical Direct Drive (SDD) configurations.

* Yield in PDD experiments was ~40% of SDD implosions; a comparable reduction is calculated

in 2D simulations.

* Neutron rate histories indicate that this reduction is not due to reduced coupling in PDD

geometry relative to SDD geometry.

+ Designs, more stable to the Rayleigh-Taylor instability will be investigated.
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Polar Direct Drive (PDD) is currently the only route to high-yield direct-drive

implosions on the National Ignition Facility UR
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NIF beam configuration OMEGA 40-beam configuration OMEGA beam displacement
schematic

« Beam displacement, ring-dependent pulse shapes, and custom spot shapes are used to
improve symmetry
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