Modeling of the Two-Plasmon-Decay Instability
Driven by Incoherent Laser Beams
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Summary

A model of the two-plasmon-decay (TPD) instability
near quarter-critical density has been developed
for irradiation by incoherent laser beams
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- In OMEGA experiments, TPD scales with the overlapped
intensity of crossing laser beams.

« The dispersion relation of TPD driven by incoherent laser
beams describes both the regimes where the growth rate
is proportional to laser intensity, and to the square root
of laser intensity.

« TPD has a regime where the instability growth rate depends
on the overlapped intensity of the crossing laser beams.
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Motivation

— Experiments on OMEGA study TPD and electron preheat
from multiple beams.

Dispersion relation of TPD in a homogeneous plasma

TPD instability driven by incoherent crossing beams

Numerical modeling of TPD

P2266



In planar experiments TPD scales with overlapped
intensity and saturates above 101> W/cm?2
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- Planar CH targets, 100 um thick, multiple-overlapping beams
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The assumption of a small correlation angle for
the incident light allows the derivation of the
dispersion relation for the TPD instability
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Consider a plasmon ‘{’a(R) in a homogeneous plasma model

Standard frequency-matching
conditions for TPD instability:

02 = (ogo + 3k2v%-e,

2 L2
(g — ©)° = w3 + 3(koc — k) Ve

The following correlation . - . e . .
properties are assumed: (¥, (k1)¥;(K2)vo(Ko1)vo(Koz)) = (Yo (K1)¥o(K2)) (vo(Ko1) vo Koz )

N <|Vo|2>5(R01 ~ko2) _
where <v0(k01)v0(k02)> ~ KoAo for light smoothed with DPP.
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The growth rate of the TPD instability can
be proportional to the average laser intensity
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Equation for the instability growth rate v:
) N
2(r+ve) _ J dkg <|Vo| )F(ko k|
o _ S 2 o ~\27°
©“p0 koA® 2i(y + Ye)wpo - 3V%e (ko - k) -~ (kOC -~ k) ]
- - (k% - ZROR) 2 — damping coefficient
where Flkok) - —c———-—k Ye ping ’
4[(k0 -k)k ] resonance width Aw = 3k kgDe [sinfc| A6 wpg

f dkg — f do: to integrate over the resonant denominator in the integrand

- Small angular width A0: (y + yg) >> Aw | ¥ + e = \/<|vo| > (koc, )/4

(Vo JF(koc.K

- Large angular width (Y + Ye) <<Aw | ¥ +Ye = 4 Aw
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The growth rate of the TPD instability can be
determined by the overlapped beam intensity
of crossing incoherent beams
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For certain orientations ki
of a plasmon k-vector: SRLTRE L ,7/;
— A SRR
k0C1>4:/ // Fe.
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(k koct) ~ (K kocz) R S,
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TPD resonance conditions for two beams S R
are similar, and growth rate y depends on Koc2 \X‘f.——"’ Ko - K
the overlapped beam intensity.
For the parameters: the threshold intensity
korpe = 0-15, kjj = 1.3 ko, k1 =Ko, (D =4x101% W/ecm?2.

A8 = 0.2, 0 ~0.5, v¢/wpg =2 x 1073
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The increase of the angular width of an incoherent
laser beam leads to the decrease of TPD growth rate
and to the increase of the threshold
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' 4 Incoherent beams
o 4 ve/wpo=10 > (circular polarization)
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Normalized intensity (I)/I (x 10~2)

(v + Ye)/(*)po = J{D/Ig at Ao = 0

Resonance width Aw/wpg = 3k ko kz[)e |sin6¢ |AB
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A new code is being developed to model the TPD
instability driven by incoherent laser beams
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The code is based on fluid-type description.

It runs in two spatial dimensions.

Equations for plasma waves are enveloped around mg/2.
The solver for plasma waves is nonparaxial.

The grid allows to resolve scales few times smaller
than the laser wavelength.

The code has been tested in a linear instability
regime in a homogeneous plasma.




First simulations with a new code show the TPD

growth consistent with the analytical calculations
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Simulation region

- The absolute instability regime of TPD driven by 200 Ao x 200 Ag
incoherent beams is observed in a homogeneous
plasma.
Parameters
- Near the threshold Iy, at average intensities (I) A
up to 3 Iy, the dependence of the instability w=>>Ye
growth rate on the intensity is close to a linear
dependence.
ko A\pe = 0.15,

* When the incident beam angular spread A6 is
increased from 0.15 to 0.3, the instability growth k, =0.3 kg,
rate decreases by approximately a factor of 2. _

y app y Ye/wp0=10 3
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Summary/Conclusions

A model of the two-plasmon-decay (TPD) instability
near quarter-critical density has been developed for
irradiation by incoherent laser beams
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- In OMEGA experiments, TPD scales with the overlapped
intensity of crossing laser beams.

« The dispersion relation of TPD driven by incoherent laser
beams describes both the regimes where the growth rate
is proportional to laser intensity, and to the square root
of laser intensity.

« TPD has a regime where the instability growth rate depends
on the overlapped intensity of the crossing laser beams
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