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Amplitudes Driven by the Two-Plasmon–Decay Instability

9.0

9.5

10.0

10.5

11.0

11.5

W
av

el
en

g
th

 s
h

ift
 (

n
m

)

Time (ns)

262.6
262.8

263.4

263.0
263.2

263.6

4~ scattered from
ion-acoustic wave

3/2~ scattering from
electron plasma waves

10 2
Time (ns)

10 2

226

230

234

238

242

18

14

10

6

2 P
o

w
er

 s
ca

tt
er

ed
(a

rb
it

ra
ry

 u
n

it
s)

P
o

w
er

 s
ca

tt
er

ed
(a

rb
it

ra
ry

 u
n

it
s)



Ion-acoustic waves (IAW’s) driven by ponderomotive 
beating of electron plasma waves (EPW’s) from two-
plasmon decay (TPD) have been observed
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Summary

•	 Time-resolved 4~ Thomson-scattering spectra at quarter critical 
show that ion-acoustic wave amplitudes follow 3~ self-Thomson-
scattering amplitudes from EPW’s

•	 Ion-acoustic waves grow rapidly to large amplitudes (Dne/ne ~ 0.01%) 
once a threshold in EPW amplitude is reached

•	 ZAK simulations show similar behavior*,**

*K. Y. Sanbonmatsu et al., Phys. Rev. Lett. 82, 932 (1999). 
**D. A. Russell, presented at the Workshop on Laser Plasma Instabilities, Livermore, CA, 3–5 April 2002
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Hot-electron generation by TPD is measured to saturate 
at ~1% of the incident laser energy*
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Ion-acoustic wave growth is predicted to be a saturation 
mechanism for two-plasmon decay.

*Froula et al.n Phys. Rev. Lett. 108, 022707 (2012).
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The amplitudes of both the ion-acoustic and electron 
plasma waves were measured using Thomson scattering
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Electron plasma wave amplitudes are measured 
using 3~ self-Thomson-scattering
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3~ self-Thomson-scattering from
two-plasmon decay generated
electron-plasma waves
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Large amplitude electron-plasma waves are measured 
at the quarter-critical surface.



Ion acoustic wave amplitudes are measured using 
4~ Thomson scattering
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Large amplitude ion–acoustic waves are measured at 
the quarter critical surface.
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Time-resolved spectra are used to compare the temporal 
evolution of ion-acoustic waves and 3/2~ amplitudes
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Ion-wave amplitudes follow the amplitude of 3/2~ emission.
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Large-amplitude ion-acoustic waves are seen only when 
there are also large-amplitude electron plasma waves
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ZAK simulations show ion-acoustic wave growth when 
the electron-plasma wave spectrum is saturated by TPD
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ZAK simulations show ion-acoustic wave growth when 
the electron-plasma wave spectrum is saturated by TPD
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IAW and EPW at high intensity
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Ion-density perturbations are compared to ZAK simulations 

and a similar growth threshold is observed
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rms ion-acoustic wave amplitude 
versus intensity
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Summary/Conclusions

Ion-acoustic waves (IAW’s) driven by ponderomotive 
beating of electron plasma waves (EPW’s) from two-
plasmon decay (TPD) have been observed

•	 Time-resolved 4~ Thomson-scattering spectra at quarter critical 
show that ion-acoustic wave amplitudes follow 3~ self-Thomson-
scattering amplitudes from EPW’s

•	 Ion-acoustic waves grow rapidly to large amplitudes (Dne/ne ~ 0.01%) 
once a threshold in EPW amplitude is reached

•	 ZAK simulations show similar behavior*,**

*K. Y. Sanbonmatsu et al., Phys. Rev. Lett. 82, 932 (1999). 
**D. A. Russell, presented at the Workshop on Laser Plasma Instabilities, Livermore, CA, 3–5 April 2002


