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Summary

* Electron trapping nonlinearity can either enhance (damping reduction or “kinetic
inflation”) or saturate (e.g., frequency shift) SRS.

* Simple assessment of whether trapping is likely provided by “bounce number.”

— Number of bounce orbits completed before detrapping by collisions or geometric
loss.

— Damping reduction and frequency shift develop smoothly as bounce number
increases; no hard threshold.

* Bounce-number assessments of NIF ignition designs show:

— Trapping is unlikely on the outer beams, where SRS is weak.
— Trapping may affect SRS on the inner beams, and more so on Be than CH ablators.
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Likelihood of electron trapping nonlinearity quantified by
“bounce number” Ng

e Electron trapping nonlinearities (e.g., inflation, frequency shift, Langmuir-wave self-
focusing) are effective only if the electrons resonant w/ plasma wave complete ~ 1 bounce
orbit before being detrapped.

Imporant detrapping processes:
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Rose calculation of nonlinear transit-time damping in finite speckle
give N;=1 for significant damping reduction

Transit time damping decreases
faster in 2D than 3D
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Sideloss threshold: lower in 2D than 3D

1E. A. Williams, D. J. Strozzi, et al., Anomalous Absorption Meeting, 2008.
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Collisional thresholds: e-e and e-i treated together

Electron distribution function

Electron-ion pitch angle scattering.
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Trapping threshold for sideloss usually dominates collision threshold, but
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Overview of trapping risk for NIF designs

trapping . : :
ff k: P Michel look LIP cl LEH th
more . outer beam, off peak: Pierre Michel looked w/ SLIP closer to than max gain

(higher T, lower n,, higher kA;,); even less risk than on-resonance.

kely outer beam, peak: SRS is linearly weak, stays below trapping threshold;
nonlinearity not a concern.
. inner beam, off peak: assessed with ray-based DEPLETE code.
inner beam, peak: Trapping may occur here, but does it inflate or saturate?
v

Generic gain curve

* ”Peak” SRS: at scattered wavelength of max I T
gain; we generally envelope around this in pf3d. \ -
Assessed by post-processing the Langmuir waves peak
driven in pf3d.

Gain

* “Off peak” SRS: at wavelengths with lower
linear gain; less SRS expected, but a pf3d run
won’t include it unless we envelope around an
off-peak wavelength.

off peak

—

scattered wavelength
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Outer beam peak SRS: pf3d run of 50 deg. beam, T__,= 285 eV,
Be ablator, at 12 ns (peak power)
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z (cm)

Outer beam peak SRS: bounce number << 0.5 almost everywhere:
trapping is not a concern (same results for CH design)
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Off peak inner beam SRS: bounce number assessment

shows little risk for kinetic inflation

Off-Peak Bounce Number
Analysis from DEPLETE!
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z (cm)

Inner beam peak SRS: post-process pF3D run of
CH ablator, 300 eV radiation temperature, LEH liner
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CH ablator case: conditions at run end (82.4 ps)
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Comparison of CH and Be ablators: more SRS, and
more trapping risk, in Be
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Summary and Future Work

“Bounce number” provides a simple assessment of whether electron trapping
nonlinearity can overcome detrapping processes (sideloss, collisions).

— Sideloss is usually the domainant detrapping process.

SRS on NIF outer beams seems below trapping threshold.

SRS on NIF inner beams are more worrisome; designs with CH ablators less so than Be.

A reduced model is needed to quantitatively study trapping effects: does it enhance
SRS (inflation) or saturate it?

Work is underway to implement such a model in pF3D, and benchmark it against
kinetic simulations (R. Berger, H. Rose, D. Strozzi).
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1D Vlasov simulations with Sapristi! of driven EPW’s in LEH
conditions: departures from linear theory, even though N; >> 1
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Reduced model by H. Rose, for Langmuir waves of
finite transverse size
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DEPLETE! performs ray-based, steady-state
backscatter calculations

Pump: ilo(z) = —x,1, -1, [dw, Do ( T, + TLji)
dz w,
Scattered il(Za)) = K| -2 —I( T, + rl)
Light: oz 1\%5% 1°1 1 0 1 1“1
inv. brems.  brems. Thomson SBS/SRS
damping source scattering coupling
The code DEPLETE does:
e use 1-D plasma conditions from 3-D ray-trace
* handle a spectrum of scattered frequencies The code DEPLETE does not:

e use a strong damping limit plasma-wave e include temporal effects

* deplete the laser pump e include laser speckle effects
e use Thomson scatter/bremsstrahlung noise sources e include multi-D effects

e inverse-bremsstrahlung light wave damping

e use linear kinetic coupling coefficients

e include collisional damping of Langmuir waves

e model whole-beam focusing

ID. J. Strozzi, E. A. Williams, D. E. Hinkel, D. H. Froula, R. A. London, D. A. Callahan, Phys. Plasmas 15, 102703 (2008).
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