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Fluid simulations show that a static ion-density
modulation can change the convective unstable modes

away from the quarter critical surface to absolute modes
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* This conversion can occur for two-plasmon-decay (TPD) and
stimulated Raman scattering (SRS) instabilities under realistic
direct-drive inertial confinement fusion (ICF)conditions

* A sufficiently large change of the density gradient
in a linear density profile can change the convective unstable
modes to absolute modes

* An analytical expression is derived for the threshold of the
gradient change, which depends only on the convective gain
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Our previous study* found that the TPD instability in a
plasma with ion-density fluctuation plays an important

role in hot-electron generation
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Plasma density profile n./4 surface
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The particle-in-cell (PIC) simulation had a higher SRS
reflectivity than a fluid code that considers only the

convective gains with shock-ignition parameters*
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lon-density modulation can change the convective

unstable modes to absolute modes
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* A previous study found that 1-D convective SRS modes can become
absolute in the presence of ion-density modulation

— the growth rates of the absolute modes reach a maximum at certain
ion-density modulation amplitudes and wavelengths*

— the absolute thresholds for parabolic and sinusoidal density profiles
and the growth rates for the parabolic density profile were derived
theoretically with WKB solutions**

e We study the behavior of TPD instability under ion-density fluctuations
using LTS and WKB-type fluid simulations for direct-drive ICF
e LTS solves the linear TPD equations with arbitrary density profiles

— the TPD growth rates under linear density profiles were
benchmarked with theory***
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We study TPD modes with sinusoidal static ion-density
modulation in 2-D LTS* simulations
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e A static density modulation n{ = An sin(x/L,,) is added to a linear
density profile ng with the amplitude and wavelength relevant to OSIRIS
simulation results

An=0to3 x 103 n,

Ly =0.1t0 1.7 um

 The amplitudes of the TPD modes inside a narrow region centered
at 0.235 n. are measured to determine the existence of absolute modes
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To isolate the essential physics, we also study
the TPD modes in 1-D WKB-type simulations
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Phase mismatch caused e Our WKB code solves
by ion-density modulations these equations
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LTS and WKB simulations reasonably agree
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Plasma-wave amplitude (6ng)
in LTS and WKB simulations
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The maximum absolute growth rate is ~70% of the
corresponding homogeneous TPD growth rate y
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* The growth rate is 4x of that of the absolute modes
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This convective-to-absolute conversion also occurs
for SRS instability under shock-ignition conditions
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A two-slope density profile can lead to absolutely

unstable solutions in a three-wave coupling system
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Two-slope profile
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An analytical expression is derived for the threshold
of the gradient change
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* The threshold s; depends only on the gain parameter A
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The two-slope model can be used to assess the
maximum growth rates of the density-modulation—
induced absolute modes for a given density profile
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The threshold formula of “s” works for sinusoidal

density-modulation—-induced absolute modes
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Summary/Conclusions

Fluid simulations show that a static ion-density
modulation can change the convective unstable modes

away from the quarter critical surface to absolute modes
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* This conversion can occur for two-plasmon-decay (TPD) and
stimulated Raman scattering (SRS) instabilities under realistic
direct-drive inertial confinement fusion (ICF)conditions

* A sufficiently large change of the density gradient
in a linear density profile can change the convective unstable
modes to absolute modes

* An analytical expression is derived for the threshold of the
gradient change, which depends only on the convective gain
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