Nonuniformity in Direct-Drive Implosions Caused by Polarization Smoothing
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Polarization-dependent cross-beam energy transfer (CBET) causes significant

scattered-light nonuniformity in direct-drive implosions on OMEGA Ue

LLE

« Uniform laser energy absorption is essential for successful laser-direct-drive inertial
confinement fusion

A growing body of evidence (including hot-spot flows, ion-temperature asymmetry, and
nonuniform scattered light) suggests OMEGA implosions are more asymmetric than
predictions

By measuring the intensity and polarization of light scattered from individual beams, we
have identified OMEGA’s polarization smoothing via distributed polarization rotators
(DPR’s) as one previously unrealized source of nonuniformity

 Three-dimensional modeling of polarization-dependent CBET for OMEGA’s beams
accounting for the DPRs is consistent with the scattered-light observations

« Fabricating and deploying new DPR’s that mitigate this source of asymmetry are
presently under review and might be implemented in as soon as a year
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It is generally considered that high-convergence laser-direct-drive implosions require

absorption with a nonuniformity <1% rms for successful fusion®
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OMEGA’s uniform illumination leads to very uniform predictions for laser energy

deposition in the plasma via inverse bremsstrahlung absorption
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Cross-beam energy transfer (CBET) reduces the total absorption
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The CBET absorption distribution is still predicted to be symmetric about the
OMEGA beam/port pattern for a symmetric implosion
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Since absorbed energy cannot be directly measured, it is inferred by measuring

the amount of unabsorbed light that leaves the target
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Since absorbed energy cannot be directly measured, it is inferred by measuring

the amount of unabsorbed light that leaves the target
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Conventional simulations predict scattered light has a larger rms variation

(compared to absorption) but maintains symmetry about the OMEGA beam/port pattern
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Calorimeter measurements of scattered light show much larger variation around
the target chamber than predicted
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Similarly, scattered-light diffuser plate images* show significant variation over the

small area of a single OMEGA port that does not conform to expected symmetry
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* J. Katz et al., Rev. Sci. Instrum. 92, 033526 (2021).
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A growing body of evidence suggests OMEGA implosions are more
asymmetric than predictions
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The 3w gated optical imager (3wGOl) scattered-light instrument was developed to

better diagnose the asymmetry of light scattered from an implosion’
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* D. H. Edgell et al., Rev. Sci. Instrum. 89, 10E101 (2018);
D. H. Edgell et al., Rev. Sci. Instrum. 92, 043525 (2021).
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The 3w gated optical imager (3wGOl) scattered-light instrument was developed to

better diagnose the asymmetry of light scattered from an implosion”
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D. H. Edgell et al., Rev. Sci. Instrum. 92, 043525 (2021). l|
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The 3w gated optical imager (3wGOl) scattered-light instrument was developed to
better diagnose the asymmetry of light scattered from an implosion®
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* D. H. Edgell et al., Rev. Sci. Instrum. 89, 10E101 (2018);
D. H. Edgell et al., Rev. Sci. Instrum. 92, 043525 (2021).
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The 3w gated optical imager (3wGOl) scattered-light instrument was developed to

better diagnose the asymmetry of light scattered from an implosion®
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Summing the counts in the region of
interest (ROI) around each beamlet
allows us to quantify the intensity of
light in each beamlet.
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* D. H. Edgell et al., Rev. Sci. Instrum. 89, 10E101 (2018);
D. H. Edgell et al., Rev. Sci. Instrum. 92, 043525 (2021).
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A Wollaston prism in the 3w GOl splits the collected light into two orthogonally
polarized sub-images recorded simultaneously with a 200-ps gate
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We are now able to quantify the intensity and polarization
of each beamlet over a narrow window of time.




Significant variation in intensity and polarization was observed
within a ring of beamlets
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Such variation was not expected based on conventional CBET
modeling assuming perfectly mixed polarizations.
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OMEGA’s polarization smoothing scheme leads to strongly polarized regions
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Predictions are produced by a 3-D kinetic CBET model* in a geometric optics ray-
based postprocessor using the coronal plasma taken from hydrodynamic code
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The 3D model tracks the polarization of each beamletand calculates its rotation due to CBET
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s and p polarization components tracked through coronal plasma and
rotated by CBET with other beams

« Arrows in exit plot use the s and p components after traversing the
plasma on the same polarization unit vectors as in initial plot
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DPR Modeling Results

Three-dimensional modeling of DPR polarizations splits and offsets with correct sub-

beam intensity profiles predicts a CBET-induced asymmetry that is different for eacl:_lg beam
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60 beams split into two orthogonal polarizations each = 120 beams in
model
z dEcger
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Results identical to 60-beams modeling
using the simple DPR factor*

0= % (1 + cos?6,)

* P. Michel etal.,Phys. Plasmas 20, 056308 (2013}.
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The 3w GOl predicted beamlet spot polarizations using 120 split and offset DPR

beams are now very similar to the measurements
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The 3w GOl predicted beamlet spot intensities using 120 split and offset DPR
beams are also similar to the measurements
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A couple spot intensities are still
significantly different

May be due to
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beam profiles

— pointing errors in the beams




The full polarization CBET modeling predicts very nonuniform
scattered light and absorption distributions
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The full polarization CBET modeling always predicts the location of the absorbed

energy mode 1 maximum to be opposite the OMEGA core flow trend
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The full polarization CBET modeling always predicts the location of the absorbed

energy mode 1 maximum to be opposite the OMEGA core flow trend
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Modeling predicts that reducing the DPR polarization offset on target to 10 um

will reduce nonuniformity to acceptable levels
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Summary/Conclusions

Polarization-dependent cross-beam energy transfer (CBET) causes significant

scattered-light nonuniformity in direct-drive implosions on OMEGA Ue

LLE

« Uniform laser energy absorption is essential for successful laser-direct-drive inertial
confinement fusion

A growing body of evidence (including hot-spot flows, ion-temperature asymmetry, and
nonuniform scattered light) suggests OMEGA implosions are more asymmetric than
predictions

By measuring the intensity and polarization of light scattered from individual beams, we
have identified OMEGA’s polarization smoothing via distributed polarization rotators
(DPR’s) as one previously unrealized source of nonuniformity

 Three-dimensional modeling of polarization-dependent CBET for OMEGA’s beams
accounting for the DPRs is consistent with the scattered-light observations

« Fabricating and deploying new DPR’s that mitigate this source of asymmetry are
presently under review and might be implemented in as soon as a year
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