Suppression of Two-Plasmon Decay
by lon-Density Fluctuations
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Correlations between two-plasmon decay (TPD)
and ion-density fluctuations were observed

in particle-in-cell (PIC) simulations
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e Analytical theory for homogeneous plasmas shows that
transverse ion-density fluctuations can raise the TPD threshold
by coupling the two otherwise independent pairs of plasmons.

e A fluid code has been developed to show the suppression of TPD
caused by ion-density fluctuations in both homogeneous and
inhomogeneous plasmas.
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The two-plasmon decay (TPD) is an important concern
in direct-drive ICF
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e TPD is a laser—plasma instability ¥
with a low threshold and SN
high-energy electron generation o\ k1, Wp1
Laser e
e Energetic (hot) electrons NWV\—>\b/e
generated from laser—plasma kg, (g 's'/be
interactions can preheat the shell ”1'9,,@

and degrade the implosion
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PIC simulations show the correlation between
TPD saturation with ion-density fluctuations
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The ion-density fluctuation is driven by the

ponderomotive pressure of the plasma waves
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* The ion-density fluctuations calculated from the ion-acoustic equation
match the PIC results

* lon-acoustic wave (IAW) equation
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Understanding how the ion fluctuations saturate TPD
Is important for modeling the long-term behavior of TPD
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lon-density fluctuation (6n) can suppress TPD by coupling

the two otherwise independent pairs of plasmons’ -
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* Two symmetric pairs of plasmons
with tk; can be coupled by the
transverse ion-density fluctuation
with kg = 2k | k)

e Theory predicts a threshold én
above which the growth of
four coupled plasmons becomes
zero in a homogeneous plasma
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A four-plasmon model predicts that a large 6n can
suppress TPD growth in homogeneous plasmas
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A linear fluid code has been developed to study the influence
of ion-density fluctuation in inhomogeneous plasmas
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The density fluctuation is included in n = ng(x) + on
as a prescribed function
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The theoretical results for homogeneous plasmas
are verified by the fluid code
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* Those modes with k| ~ kg/2 are most effectively impacted

* Only a range of k, can be suppressed, consistent
with the dispersion relation
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Preliminary results show static ion-density fluctuations
can suppress TPD in inhomogeneous plasmas
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Summary/Conclusions

Correlations between two-plasmon decay (TPD)
and ion-density fluctuations were observed

in particle-in-cell (PIC) simulations
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e Analytical theory for homogeneous plasmas shows that
transverse ion-density fluctuations can raise the TPD threshold
by coupling the two otherwise independent pairs of plasmons.

e A fluid code has been developed to show the suppression of TPD
caused by ion-density fluctuations in both homogeneous and
inhomogeneous plasmas.
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