Suppressing Parametric Instabilities with Laser Frequency
Detuning and Bandwidth

UR
LLE
Cross-beam energy transfer mitigation Two-plasmon-decay driven hot-electron
with continuous bandwidth mitigation with discrete bandwidth
90 0.15 I I | | |
~ —o- 4 x 1014 W/cm?2
> 80 L —&-7 x 1014 W/cm?2
: N
o = 0.10 -
= £
e o
% 70 in’\,
N S 0.05 -
2 60L !
©
-l
50 | | | | | 0.00 ® - © I o
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8 1.0
Aw/wg (%) Awlwg (%)
60th Annual Meeting of the American
R. K. Follett Physical Society Division of Plasma Physics
University of Rochester Portland, OR
Laboratory for Laser Energetics 5-9 November 2018

[ u
[T
\ O /



Temporal incoherence of the drive lasers suppresses cross-beam
energy transfer (CBET) and two-plasmon decay (TPD)
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- Laser—plasma instabilities limit the laser intensity that can be used
in inertial confinement fusion (ICF) implosions

- Laser bandwidth can be used to suppress many of these instabilities
and open up the implosion design space

* In direct-drive implosion experiments on OMEGA, ~0.5% to 1%
bandwidth would be sufficient to suppress CBET and TPD

A future broadband laser based on optical parametric

amplifiers is currently being explored at LLE.
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In direct-drive ICF implosions, CBET reduces the laser absorption
and TPD can lead to hot-electron preheat
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In direct-drive ICF implosions, CBET reduces the laser absorption
and TPD can lead to hot-electron preheat
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EMW: electromagnetic wave
E28036 EPW: electron plasma wave
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In direct-drive ICF implosions, CBET reduces the laser absorption
and TPD can lead to hot-electron preheat
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E28036a SRS: stimulated Raman scattering

g U




Laser—plasma instabilities define the maximum laser
intensity for direct-drive experiments
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Hot-electron production on OMEGA Direct drive (constant hot-spot pressure)
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CBET reduces the ablation pressure for direct-drive ICF by ~50%.

E27515¢ *IFAR: in-flight aspect ratio
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LLE code development for laser—plasma interaction physics &\I\EPSE
is centered around a common environment D
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LPSE (laser—plasma simulation environment)
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Cross-beam energy transfer is the exchange of energy between

two electromagnetic (EM) waves mediated by a ponderomotively
driven ion-acoustic wave (IAW)

Two-beam LPSE CBET simulation
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Cross-beam energy transfer is the exchange of energy between
two electromagnetic waves mediated by a ponderomotively

driven ion-acoustic wave
CLE
Electric-field amplitude lon-density perturbation 0.03
I 20 . R
0.015 o A Viiow
Q 10
e E c
oot0 £ § 0.00 &
= = Q
= -10
0.005 o© vn v
—20
0.000 —-0.03

-20 -10

.Um)

E27882

IIIIIIIIIII




Cross-beam energy transfer is the exchange of energy between
two electromagnetic waves mediated by a ponderomotively
driven ion-acoustic wave
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Electric-field amplitude lon-density perturbation
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In direct-drive ICF, CBET scatters light out of the incoming
beams and reduces the absorption of the drive lasers
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Electric field of lasers incident on an ICF target (64% absorption)
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Laser bandwidth can be used to mitigate CBET
and increase laser absorption
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Electric field of lasers incident on an ICF target with 1% bandwidth (90% absorption) 010
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Temporal incoherence can be introduced in the form
of continuous or discrete bandwidth
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Continuous bandwidth (Lorentzian)
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Discrete bandwidth (~0.3%) can be used to increase the laser absorption
by ~50% in OMEGA implosions by mitigating CBET
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CBET mitigation on OMEGA using CBET mitigation using NIF polar drive with
discrete bandwidth (three colors)* Aw/w = 0.13% (two colors with AA = 4.6 A)**
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LPSE simulations show that ~0.6% of continuous bandwidth
can suppress CBET in a planar two-beam configuration
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Simulation geometry*
(Te=3 keV, Tij=1keV, L, =~ 200 um)
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LPSE simulations of CBET mitigation
using continuous bandwidth*
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A bandwidth of ~0.6% is required to eliminate CBET in 2-D LPSE simulations
of 16 beams incident on an azimuthally symmetric plasma profile
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16-beam configuration
(Isingle beam = 1014 W/cm?2) Laser absorption versus bandwidth Laser energy flux at n;/4 versus bandwidth
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Increasing the laser intensity at n./4 by mitigating CBET could
result in increased hot-electron production from TPD and SRS.
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Two-plasmon decay is the resonant decay of an incident photon into two
electron plasma waves that occurs near quarter-critical densities
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Single-beam two-plasmon—decay EPW k spectrum for a plane-wave drive beam
growth rate (I =3 %x1014W/cm2, L, = 162.5 um, T, = 2 keV)
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The coupling between TPD-driven EPW’s and IAW’s results
in a turbulent spectrum of driven waves
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LPSE simulated EPW'’s using the OMEGA beam geometry

Simulation box
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LPSE simulations show excellent agreement with Thomson-scattering
and hot-electron measurements from OMEGA experiments
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Comparison with Thomson-scattering spectrum* Time history of TPD signatures**
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*R. K. Follett et al., Phys. Rev. E 91, 031104(R) (2015).
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Discrete bandwidth leads to spatial separation of the absolutely
unstable modes, increasing the instability threshold*
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Discrete bandwidth with Aw/wg =~ 0.6% is sufficient to suppress hot-electron
generation at conditions relevant to OMEGA experiments
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Multibeam absolute TPD thresholds
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Simulated hot-electron production (three colors)
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A broadband laser based on optical parametric amplifiers
is currently being explored at LLE
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Potential bandwidth formats
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- Introducing bandwidth to suppress LPI can be
accomplished in several different forms

— multiple carrier wavelengths
— temporal chirping

— incoherent “spead spectrum”
— picket waveforms

E27895 LPI: laser—plasma instability




The use of sufficiently large bandwidth beams opens up the
possibility for higher-intensity or longer wavelength beams
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LPSE-simulated TPD threshold as a
function of Lorentzian bandwidth
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Summary/Conclusions

Temporal incoherence of the drive lasers can suppress cross-beam
energy transfer (CBET) and two-plasmon decay (TPD)
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- Laser—plasma instabilities limit the laser intensity that can be used
in inertial confinement fusion (ICF) implosions

- Laser bandwidth can be used to suppress many of these instabilities
and open up the implosion design space

* In direct-drive implosion experiments on OMEGA, ~0.5% to 1%
bandwidth would be sufficient to suppress CBET and TPD
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