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Half-harmonic emission generated by two-plasmon
decay (TPD) is calculated with a new code, EMZAK
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e Half-harmonic emission is one of the few experimental* observables of TPD

* The Zakharov equations** are expanded to include transverse fields
and are solved with a new code
* Half-harmonic emission can be generated by three different mechanisms
— linear conversion
— nonlinear conversion
— Thomson down-scattering

For the case shown, nonlinear-mode conversion is dominant.

*W. Seka et al., Phys. Rev. Lett. 112, 145001 (2014).
**D. F. DuBois, D. A. Russell, and H. A. Rose, Phys. Rev. Lett. 74, 3983 (1995);
D. A. Russell and D. F. DuBois, Phys. Rev. Lett. 86, 428 (2001);
TC11571 J. Zhang et al., Phys. Rev. Lett. 113, 105001 (2014).
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The generation of half-harmonic transverse waves
occurs near quarter-critical density where TPD

Langmuir waves (LW’s) turn
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The electrostatic Zakharov equations are extended*

to include the transverse field (in 2-D so far)
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* Electromagnetic Zakharov equations
— here E = E|_ + Et contains both longitudinal and transverse components
- ON density inhomogeneity
- on density fluctuation
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EMZAK is able to simulate the three competing

half-harmonic—generation mechanisms
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(SNEL)T : linear-mode conversion D1 =0
(inverse resonance absorption); (kT)L = (k,_)L
a)T = a)|_

(6nE| )7 : nonlinear-mode conversion;
k1 =kaw + kL

(V+E*)Eq|. : Thomson down-scattering; ©1=00~ @
kt=ko—k
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The simulation is first run without coupling to transverse

fields to obtain the saturation stage of TPD

UR
LLE

‘ EL (X,C()) ‘2 _ <f‘ fEL (x,y)ei“’tdt\ dy)z,Aa) = - 0)0/2

E, (x,0) [ 20 ps (before restart)

0.04 -
—10.45
0.02 g E — Maximal growth
= region for TPD*
80 —0.13
3 000
<
—0.18
-0.02
0.04 —0.50
X (4m) - |
TC11575 . A. Russell and D. F. DuBois, Phys. Rev. Lett. 86, 428 (2001).

UNIVERSITY of

ROCHESTER




The wave spectrum shows strong signatures
of the Langmuir wave decay instability
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The frequency spectrum of LW’s at their
turning points can be determined
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The simulation is restarted with coupling
to the half-harmonic emission enabled
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The half-harmonic emission is collected
at the left (exit) boundary
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0.02 - | | For this case, nonlinear

conversion is the dominant
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More conclusions can be inferred through manipulating

some parameters
UR
LLE

e Incorporating all three sources in a single run, half-harmonic
emission is the sum of the three shown in the previous slide,
indicating that the three sources act independently

* |In another set of simulations with smaller collisional damping,
the level of half-harmonic emission is higher; the reason is that
more LW’s are able to propagate to the turning point and convert
to half-harmonic light
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Summary/Conclusions

Half-harmonic emission generated by two-plasmon
decay (TPD) is calculated with a new code, EMZAK
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e Half-harmonic emission is one of the few experimental* observables of TPD

* The Zakharov equations** are expanded to include transverse fields
and are solved with a new code
* Half-harmonic emission can be generated by three different mechanisms
— linear conversion
— nonlinear conversion
— Thomson down-scattering

For the case shown, nonlinear-mode conversion is dominant.

*W. Seka et al., Phys. Rev. Lett. 112, 145001 (2014).
**D. F. DuBois, D. A. Russell, and H. A. Rose, Phys. Rev. Lett. 74, 3983 (1995);
D. A. Russell and D. F. DuBois, Phys. Rev. Lett. 86, 428 (2001).
TC11571 J. Zhang et al., Phys. Rev. Lett. 113, 105001 (2014).
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