Interaction of Multiple Laser Beams via Common Waves

and Beam-Energy Transfer

UR
LLE

Reflectivity (%)
o
|

L _ —>2 _)1
10 ké) ) k(1 )
5 - —
0
0 10
(I)14 (W/cm?)
A.V. Maximov, J. F. Myatt, R. W. Short, 42nd Annual Anomalous
I.V. Igumenshcheyv, D. H. Edgell, and W. Seka Absorption Conference
University of Rochester Key West, FL

Laboratory for Laser Energetics 25-29 June 2012



For direct-drive ICF plasmas, scattering of light is driven by

crossing laser beams that can generate common ion waves
LLE

* The reflectivity is determined by the interaction between
incident crossing beams and the counter-propagating seed

* The reflectivity is increased in the case when multiple crossing
beams drive common ion waves and scatter off them

* The direction of scattered light is determined by the laser
speckle structure

* The scaling of reflectivity with intensity is determined by the
interaction in high-intensity speckles
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1. Numerical modeling of nonlinear interaction between
crossing laser beams

2. Common ion-acoustic waves driven by multiple laser beams
3. Scaling of reflectivity with laser intensity

4. Interaction between multiple laser beams incident at
different angles



In large-scale hydrodynamic simulations,
cross-beam energy transfer is shown*
to significantly influence the laser absorption
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The nonlinear propagation of crossing laser beams has
been modeled in the region of moderate plasma density,
about 0.3 n. to 0.6 n.
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The backscatter depends on the electromagnetic seed,
which Is caused by opposing beams or turning beams
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The threshold for the backscattering driven by crossing

laser beams has been found at moderate laser intensities
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* The intensities of the two driving beams are different by a factor of 10
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In the case of incident beams of unequal intensity
with smaller angular width, the backscattering
for both beams is of the same order
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The interaction of incoherent crossing laser beams
with plasmas produces a broad spectrum

of low-frequency density perturbations -
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Crossing laser beams may scatter off common ion

waves driven by multiple beam

Scattering off
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The reflectivity has a moderate dependence on the

distribution of intensity between the driving laser beams
UR

LLE
(D1a=7
25 b | | | | o 29T | | | | |
@ c /6 Transmitted
- 20 ® - S 20 n
S d 2z
215+ S~ E15¢f :
2 Equal Single 2
o I : — ® - —
ks 10 - intensity = 1.0 Reflected
) =
T 5 4 @ 05Ff A A -
i)
0 | | | | £ o0d | | | | |
05 06 07 08 09 10 —240 180 -120 60 O 60
: + Angle (°)
Intensity T, +1.

The hot-spot structure determines the direction of scattered light.
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The nonlinear interaction in intense laser speckles
determines the scaling of reflectivity with intensity
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The interaction between beams incident at different
angles leads to a broad spectrum of backscattered light
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The interaction between multiple obliquely incident beams
at moderate densities increases the backscatter
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Summary/Conclusions

For direct-drive ICF plasmas, scattering of light is driven by

crossing laser beams that can generate common ion waves
LLE

* The reflectivity is determined by the interaction between
incident crossing beams and the counter-propagating seed

* The reflectivity is increased in the case when multiple crossing
beams drive common ion waves and scatter off them

* The direction of scattered light is determined by the laser
speckle structure

* The scaling of reflectivity with intensity is determined by the
interaction in high-intensity speckles
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