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The saturation of the two-plasmon-decay instability is caused 
by low-frequency ion-acoustic density perturbations

TC9088

• In the linear stage of the two-plamon-decay (TPD) instability, a broad 
spectrum of primary Langmuir waves is generated through absolute and 
convective growth

• In the nonlinear stage of the TPD instability, saturation is caused by 
low-frequency density perturbations that are caused by stimulated 
Brillouin scattering (SBS) and beating of primary Langmuir waves. The 
threshold of Langmuir decay instability (LDI) depends on the width of 
the Langmuir wave spectrum

• The temperature of hot electrons produced in TPD is defined by the 
spectrum of Langmuir waves, including the Landau cutoff

Summary
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In OMEGA experiments, the hard x-ray production depends 
on ion composition and overlapped laser intensity*

Overlapped laser intensity (×1014 W/cm2)
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*C. Stoeckl et al., Phys. Rev. Lett. 90, 235002 (2003).



The TPD instability threshold is influenced by the 
interplay of plasma inhomogeneity, wave damping, 
and resonance detuning caused by beam incoherence
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• Plasma-wave 
damping

• Detuning caused 
by inhomogeneity

• Detuning caused by 
beam incoherence
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In simulations of TPD, the fastest-growing wave vectors 
change with the position in the inhomogeneous plasmas
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PIC simulation OSIRIS Fluid simulation*

*R. Yan et al., Phys. Rev. Lett. 103, 175002 (2009).
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In the linear stage of TPD, absolute and convective 
growth generates a broad spectrum of Langmuir waves

TC8855a *A. Simon et al., Phys. Fluids 26, 3107 (1983).

PIC simulation
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Analytical theory*

K=(~0/c)

KLmDe ≈ 0.22
Landau cutoff cL ≈ cc
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The distribution of fast electrons generated in the TPD 
is characterized by the hot-electron temperature
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Boundary conditions in PIC:

• periodic (transverse)

• thermal (longitudinal)

hexpf T: -+f f f^ _h i

Te = 2 keV

1000

100

10

1
1000 200 300 400 500
Electron energy (keV)

Th = 36 keV

E
le

ct
ro

n
 d

is
tr

ib
u

ti
o

n
fu

n
ct

io
n

 (
ar

b
it

ra
ry

 u
n

it
s)

Saturation caused 
by mobile ions*

*A. B. Langdon, B. F. Lasinski, and W. L. Kruer, Phys. Rev. Lett. 43, 133 (1979).
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The temperature of hot electrons, generated in the TPD, 
depends on the spectrum of Langmuir waves
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*C. Stoeckl et al., Phys. Rev. Lett. 90, 235002 (2003).
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Stimulated Brillouin scattering (SBS) driven by the 
interaction of incoherent laser beams produces low-
frequency perturbations in electron density
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In the nonlinear stage of TPD, the threshold of the 
Langmuir decay instability depends on the spectra 
of primary Langmuir waves
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Seeding by perturbations caused by SBS
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Summary/Conclusions

The saturation of the two-plasmon-decay instability is caused 
by low-frequency ion-acoustic density perturbations

• In the linear stage of the two-plamon-decay (TPD) instability, a broad 
spectrum of primary Langmuir waves is generated through absolute and 
convective growth

• In the nonlinear stage of the TPD instability, saturation is caused by 
low-frequency density perturbations that are caused by stimulated 
Brillouin scattering (SBS) and beating of primary Langmuir waves. The 
threshold of Langmuir decay instability (LDI) depends on the width of 
the Langmuir wave spectrum

• The temperature of hot electrons produced in TPD is defined by the 
spectrum of Langmuir waves, including the Landau cutoff


