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Laser plasma interaction in foam plasmas
on the LIL facility*

S. Depierreuxl, C. Labaune?, V. T. Tikhonchuk®, D. T. Michel?, C. Stenz’, N. G. Borisenko®,
P. Nicolai®, M. Grech®, G. Riazuelo', S. Hiiller6, D. Pesmeé, P. Loiseau', P.E. Masson-Laborde',
M. Casanova', C. Riconda?, S. Weber’, S. Darbon', R. Wrobel', E. Alozyl, W. Nazarov’,

J. Limpouch®, A. Casner’, C. Meyer®, P. Romary’, G. Thiell®

'CEA, DAM, DIF, F-91297 Arpajon, France
’Laboratoire pour I'Utilisation des Lasers Intenses, Ecole Polytechnique, Palaiseau, France
3Centre Lasers Intenses et Applications, Université Bordeaux 1, CEA, CNRS, Talence, France
P. N. Lebedev Physical Institute, Russian Academy of Sciences, Moscow, Russia
Max Planck Institute for the Physics of Complex Systems, 01187 Dresden, Germany
SCentre de Physique Théorique, Ecole Polytechnique, 91128 Palaiseau cedex, France
"University of St. Andrews, Fife KY16 9ST, Scotland, UK

8ENSPE, Czech Technical University in Prague, 115 19 Prague 1, Czech Republic
YCEA, CESTA, F- 33114 Le Barp, France

A new target design for avoiding the imprint problem in the direct drive scheme has been
proposed and tested on the LIL facility. It uses a low density foam layer inserted in front of the target. The
foam is directly ionized by the laser. Then, the laser beam, propagating in the resulting underdense
preformed plasma is smoothed by plasma smoothing mechanisms. Two series of experiments have been
conducted on the LIL facility for evaluating this scheme. For these experiments, the LIL facility delivered a
4 TW square pulse (typically 10 kJ in 3 ns).

The first experiment, conducted in June 07, demonstrated the effectiveness of a 500 pum layer of
10 mg/cc foam for smoothing the 3® laser beams in the initial interaction phase. Self X ray emission
observed in the transverse direction provided measurement of the propagation of the ionization front. A
supersonic ionization wave sustained for the whole ionisation process (~1.2 ns) was observed.
Demonstration of the foam plasma smoothing effect was observed (i) directly by analyzing the angular
spreading of the transmitted light and (ii) indirectly through the observation of X ray emission of a high Z
thick foil placed behind the foam.

The second experiment, performed this year, was devoted to a parametric study of laser plasma
interaction in foam plasmas. The main diagnostics were SRS and SBS scattering as well as tranmission of
the laser beams. The foam (density, length and dopant) and laser (energy, smoothing) parameters were
varied. A new measurement in addition to the standard transmitted beam diagnostic was set up for this
experiment. It provides time and spectrally resolved measurement of the light scattered at 10° and 20° of

the directly transmitted beam.

The experimental set up and the main results will be presented and discussed.

* This work was coordinated under the auspice of the Institut Lasers and Plasmas.
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Laser-Plasma Interaction Experiments In Gas-Filled
Hohlraums At The LIL Facility

P. Loiseau, M. Casanova, C. Rousseaux, D. Teychenn’e, P-E. Masson-Laborde,
S. Laffite and G. Huser

CEA, DAM, DIF, F-91297 Arpajon, France
pascal.loiseau@cea.fr

The first laser-plasma interaction (LPI) campaign conducted at the LIL facility, using
gas-filled hohlraums, ended in spring 09. The LIL facility is a prototype of one
quadruplet of the near coming french laser megajoule (LMJ). Two differents gas-filled
hohlraums have been designed in order to mimic plasma conditions that are expected
along two particular beam paths in ignition hohlraums. The targets consist of 3- or 4-
millimeters long, 1 atm neo-pentane gas-filled gold hohlraums. One target is closed at the
opposite side of the laser entrance hole, allowing laser interaction with gold and gas
plasmas. The LIL quadruplet is aligned with the hohlraum’s axis and deliver a 6-ns long
pulse with 15 kJ at 3!. Optical smoothing is achieved by longitudinal dispersion and a
phase plate giving a near 1015 W/cm2 mean intensity on the focal spot at maximum
power. Many LPI diagnostics were activated during the campaign, allowing a full
temporal and angular description of parametric instabilities such as stimulated Brillouin
(SBS) or Raman (SRS) scattering.

We will present and discuss hydrodynamic calculations together with preliminary results
of the LPI campaign. Hydrodynamic calculations predict a 3 keV on-axis electron
temperature and an electron density evolving on a wide range of densities during the
pulse. Calculated plasma conditions allow to evaluate SBS and SRS linear gains. The
corresponding spectra are compared to experimental results and confirm the complex
plasma evolution. Finally, We use the 3D paraxial code HERA' to investigate the
propagation of the LIL quad, by means of massivelly parallel simulations.

1 Loiseau et al., Phys. Rev. Lett. 97, 205001 (2006); Ballereau et al., J. Scient. Comput. 33, 1 (2007).
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Gas Jet Studies of Stimulated Brillouin Scattering in the
Strong Coupling Regime

C. Riconda, L. Lancia, J-R. Marqués, J. Fuchs *,
S. Weber, V.T. Tikhonchuk**, A. Héron, S. Hu ller***

*LULI, Université Paris 6, CNRS, CEA, Ecole Polytechnique,France
**¥CELIA, Université Bordeauxl, CNRS, CEA, France
***CPHT, CNRS, Ecole Polytechnique, France

Recent experimental resultsi of laser propagating in large scale (<~mm), well
characterized homogeneous plasmas created using gas jets, have motivated theoretical
and numerical analysis of laser plasma interaction in a domain not yet fully explored. The
plasma characteristics are such that Stimulated Brillouin Scattering is in the strong
coupling regime, leading to a rapid (sub-ps) evolution of the plasma ions, by the
interaction with the laser. In particular the coherence and transmission properties of a 7
ps pulse at IA2>= 101 are presented. A transition in the laser behavior is observed as the
density increases from few percent to 0.15-0.3 critical density.

The coupling of this pulse (labeled “the pump”), and a second counter-propagating pulse
(labeled “the seed”) of smaller intensity results in energy transfer from the pump to the
seed, with due amplification of the seed. The efficiency of this mechanism is also
explored as function of plasma density.

1L. Lancia, J-R. Marqueés, J. Fuchs, M. Nakatsutsumi, A. Mancic, P. Antici, C. Riconda, S. Weber, V.T. Tikhonchuk,
A. Héron, S. Hu"ller, J-C. Adam, and P. Audebert “Experimental investigation of identical wavelength short light
pulses crossing in underdense plasma’’, Proceedings of SPIE Euro Opto and Optoelectronics Conference, Prague,
Czech Republic, April 2009.
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The effects of convecting plasma wave packets in
stimulated Raman scattering *

B.J. Winjum, J. E. Fahlen, F. S. Tsung, W. B. Mori
UCLA

Stimulated Raman scattering (SRS) for NIF-relevant parameters involves nonlinear,
kinetic physics. Previous simulations have focused on the nonlinear physics involved in
SRS saturation (such as nonlinear frequency shifts and trapped-particle sideband
instabilities) in isolation from and without regard to finite spatial effects. However, SRS
is bursty in both space and time, generating plasma wave packets that can interact with
each other through the scattered light. Simulations that are too small artificially prevent
this interaction, forcing the recurrence to be more periodic than it would otherwise be and
limiting the reflectivity. The larger simulations presented here allow several packets to
grow and convect simultaneously. In this case, SRS reflectivity is larger because the
packets interact as the backscattered light from one packet provides an enhanced seed for
a nearby packet. Nonlinear frequency shifts in the packets are also shown to generate
higher frequency bursts of scattered light, further increasing the reflectivity. We present
results for both 1D and 2D simulations.

*This work was supported by DOE under Grant Nos. DE-FG52-03-NA00065, DE-FG52-06NA26195, and DE-FG02-
03ER54721, and simulations were carried out on the DAWSON Cluster supported under NSF grant No. NSF-Phy-
0321345.
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Time-Dependent Scattered-Laser-Light Spectroscopy
and Cross-Beam Energy
Transport in Direct-Drive-Implosion Experiments

D. H. Edgell, W. Seka, J. A. Delettrez, R. S. Craxton, V. N. Goncharov, 1. V.
Igumenshchev, J. F. Myatt, A. V. Maximov, R. W. Short, T. C. Sangster, and R. E.
Bahr

Laboratory for Laser Energetics, University of Rochester
250 East River Road, Rochester, NY 14623-1299

Time-resolved scattered-light spectroscopy near A = 351 nm from spherical target
implosions on OMEGA provides information about time-dependent laser—plasma
interactions. The time-dependent absorbed fraction during spherical room-
temperature and cryogenic direct-drive implosions is inferred from integrating
these spectra over all measured wavelengths. The time-dependent spectral shift of
the scattered light results from a combination of a Doppler shift caused by the
evolving coronal plasma and nonlinear processes that can shift energy between
crossed beams. A ray-trace code models the Doppler spectral shifts of the measured
scattered light using plasma profiles calculated by a hydrodynamic code that
incorporates the Goncharov nonlocal electronheat- transport model.! The modeled
spectra reproduce the major features in the observed spectral shifts, but the
absolute magnitudes of the predicted spectral shifts and the total scattered light do
not match experimental measurements during the latter part of the laser pulse
where more scattered light and smaller spectral shifts are observed. While the
overall absorption discrepancy is small (typically a difference of only 10% to 15% of
the total time-integrated laser-pulse power), additional physics is needed for the
modeling to match the observations. Nonlinear energy exchange between crossed
beams due to electromagnetic-seeded stimulated Brillouin scattering is suggested as
a possible explanation. Preliminary calculations of cross-beam energy transfer
indicate that the effect may be of the correct order to explain the discrepancies.

*This work was supported by the U.S. Department of Energy Office of Inertial Confinement Fusion under Cooperative
Agreement No. DE-FC52-08NA28302, the University of Rochester, and the New York State Energy Research and
Development Authority. The support of DOE does not constitute an endorsement by DOE of the views expressed in

this article.

1. V. N. Goncharov et al., Phys. Plasmas 13, 012702 (2006).
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Modeling of Two- Plasmon- Decay Instability
Under Crossed- Beams Irradiation

A. V. Maximov, J. F. Myatt, R. W. Short, W. Seka, J. A. Delettrez, C. Stoeckl
Laboratory for Laser Energetics, University of Rochester
250 East River Road, Rochester, NY 14623- 1299

The two- plasmon decay (TPD) instability has a threshold low enough to be
exceeded for the typical parameters of the inertial confinement fusion

experiments in the direct- drive regime. 1,2 Therefore, the TPD and the
resulting generation of hot electrons are important features of laser—

plasma interaction in the experiments on the Omega Laser System 1.2 and

in future experiments at the National Ignition Facility (NIF). The
characteristic feature of these experiments is that the laser—plasma
interaction is driven by multiple crossing laser beams, which are
randomized in space due to distributed phase plates and randomized in
time due to smoothing by spectral dispersion.

To study the instability under the crossed- beams irradiation, a
model has been developed for the TPD driven by randomized laser beams
in inhomogeneous plasmas. The instability thresholds can differ from the

results of the three- wave TPD model in inhomogeneous plasmas. 3

The saturation of the TPD instability is found to be caused by low-
frequency ion- acoustic perturbations in plasma. These perturbations
include the waves driven by the laser beams and the waves driven by the
ponderomotive force of plasma waves, including the Langmuir decay
instability. The properties of the ion- acoustic waves, namely the ion-
acoustic damping, influence the saturation of the TPD, making the TPD
sensitive to the ion composition of plasmas.

This work was supported by the U.S. Department of Energy Office of
Inertial Confinement Fusion under Cooperative Agreement No. DE-FC52-
08NA28302, the University of Rochester, and the New York State Energy
Research and Development Authority. The support of DOE does not
constitute an endorsement by DOE of the views expressed in this article.

1. C. Stoeckl et al., Phys. Rev. Lett. 90, 235002 (2003).

2. W. Seka et al., “Two- Plasmon- Decay Instability in Direct- Drive
Inertial Confinement Fusion Experiments,” to be published in Phys.
Plasmas 16 (2009).

3. A. Simon, R. W. Short, E. A. Williams, and T. Dewandre, Phys. Fluids
26,3107 (1983).
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The growth and saturation of the two-plasmon decay
instability in inertial confinement fusion

Rui Yan, Andrei Maximov, Chuang Ren
University of Rochester, Rochester, NY 14627
Frank Tsung
University of California, Los Angeles, CA 90095

We present particle-in-cell (PIC) and fluid simulations on the two-plasmon-decay (TPD)
instability under conditions relevant to direct-drive inertial confinement fusion
experiments. Under these conditions, the PIC simulations show a wide TPD spectrum,
with modes whose perpendicular mode number k; larger than the cutoff predicted by the
linear theory for absolute modes. The fluid simulations, solving the full set of the linear
equations of TPD, clearly show that these large- k, modes are convective and have linear
growth rates comparable to the absolute modes. The convective modes grow at the lower
density region and can cause pump depletion, reducing the growth of the absolute modes.
Even though they saturate before reaching the convective limit, the convective modes are
energetically dominant in the nonlinear stage. The PIC simulations show that both the
absolute and convective modes saturate due to ion density fluctuations, which can turn
off TPD by raising the instability threshold through mode coupling and lead to
intermittent growth. The results show that the convective modes of TPD are important to
the performance of current and future direct-drive experiments. This work was supported
by U.S. Department of Energy under Grants Nos. DE-FG02-06ER54879 and DE-
FC02-04ER54789. The research used resources of the National Energy Research
Scientific Computing Center.
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Three dimensional particle-in-cell simulations of
stimulated Raman scattering and a simple model for the
effects of ‘“above-threshold’ speckles*

Brian J. Albright, Lin Yin, Kevin J. Bowers:, Harvey A. Rose, Benjamin K. Bergen,
Sean M. Finnegan, David S. Montgomery, John L. Kline, and Juan C. Fernidndez
Los Alamos National Laboratory

A suite of three-dimensional particle-in-cell simulations of solitary laser speckles has
been conducted using the VPIC particle-in-cell code [1], which has been modified to run
on the Roadrunner supercomputer, the first machine to achieve petaflop/s performance on
the Linpack benchmark. These simulations, performed under NIF hohlraum plasma
conditions, exhibit nonlinearity consistent with that reported by Montgomery et al. [2]
from Trident single-speckle experiments. Namely, a sharp increase in reflectivity is found
at a threshold laser intensity In, followed by a saturation at intensity I>In. Earlier work [3]
obtained the essential nature of stimulated Raman scattering (SRS) in these regimes and
the role of plasma wave-front bowing and secondary instability in SRS saturation.
Extension of this work to three dimensions [4] shows that for the same laser f/#, there is a
general trend toward higher onset threshold Im and lower saturated reflectivity in three
dimensions than in two dimensions. These simulation results may be used in a simple
model to predict the contribution of a small population of “above- threshold” speckles to
overall SRS reflectivity.

[1] Bowers, Kevin J., B. J. Albright, L. Yin, and T. J. T. Kwan, Phys. Plasmas 15, 055703 (2008).
[2] Montgomery, D. S. et al. Phys. Plasmas 9, 2311 (2002).

[3] Yin, L., B.J. Albright, K. J. Bowers, and H. A. Rose, Phys. Rev. Lett. 99, 265004 (2007).

[4] Yin L. et al., Phys. Plasmas (submitted).

*Work performed under the auspices of the U.S. Dept. of Energy by the Los Alamos National Security LLC, Los
Alamos National Laboratory.

TLANL Guest Scientist; presently at D. E. Shaw Research LLC, 120 W 45th Street, 39th Floor, New York, NY 10036.
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How predictive is F3D and are OMEGA experiments
relevant to NIF?

R. L. Berger, L. Divol, D. Froula, S. H Glenzer, R. London, N. Meezan, P. Michel, P.
Neumayer, L. J. Suter, D. E. Hinkel, A. B Langdon, C.H. Still, D. J. Strozzi,
E.A. Williams, and H. A. Rose
Lawrence Livermore National Laboratory
Livermore, CA 94551

Recently, a number of experiments at the OMEGA laser facility have tested the
capabilities of pF3D to predict the propagation of laser light through millimeter scale hot
underdense plasma. The SRS and SBS reflectivity and the fraction of transmitted light
have predicted the measured values with surprising success given the fact that some well
known kinetic and fluid nonlinear effects have been omitted from the simulations. The
success extends to the spectra of the transmitted and reflected light and to the distribution
of light across the collection optics. The effect of polarization smoothing (PS) and
smoothing-by-spectral-dispersion (SSD) on SRS and SBS was also predicted
successfully, even predicting no effect in some cases. Recently the f-number scaling of
the SRS reflectivity was measured to agree with pre-shot predictions. The key enabling
factors for this predictive capability were an extensive rad-hydrodynamics design
validated by Thomson scattering, use of the actual measured boundary conditions for the
laser (phase plates, smoothing techniques) and access to routine teraflop computing

power to allow full three dimensional simulations.

We will examine if the plasma parameters for the OMEGA experiments are in a
parameter range where nonlinear effects are minimal and to what extent that is also true
for the predicted NIF plasma parameters. Simple nonlinear models of some kinetic

nonlinearities will be applied to the results.

*This work performed under the auspices of the U.S. Department of Energy by Lawrence
Livermore National Laboratory under Contract DE-AC52-07TNA27344.
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On the possibility of fast ignition assisted by relativistic
shocks

F.Fiuza,R. A. Fonseca, L. O. Silva
GoLP/IPFN, Instituto Superior Técnico, Lisbon, Portugal

J. Tonge, J. May
Department of Physics & Astronomy, University of California, Los Angeles, CA 90095

W.B. Mori
Department of Electrical Engineering, University of California, Los Angeles and
Department of Physics & Astronomy, University of California, Los Angeles, CA 90095

C.Ren
University of Rochester

One of the critical issues for fast ignition of fusion targets is to understand and optimize
the coupling of the ignition laser to the fast particles, and the transport of the accelerated
particles in the mildly dense region of the target.

We have performed a series of one-dimensional (1D) and two-dimensional (2D) PIC
simulations in order to examine laser absorption into hot electrons, electron transport and
energy absorption into the core of the target using ignition lasers with ultrahigh
intensities, up to 5x10' W/cm?. We have simulated target densities from the critical
density, nc, to 1000 nc, and we have used an absorbing core in order to avoid the
unphysical reflux of the inward electrons through the target. This core represents the
higher density region as an energy dependent drag on hot electrons, allowing for
measurements of the total energy deposited in the high density region of the fast ignition
target.

Our results show that at these ultrahigh intensities a shock is launched, mediated by ion
driven instabilities in 1D and by the Weibel driven magnetic fields in 2D. The 1D and 2D
dynamics of the shock is compared. A significant amount of energy is bottled behind the
shock front. The detailed study of the evolution of the shock and heat-front along the
density gradient shows the possibility of releasing the bottled energy into the core of the
target, allowing, in principle, for higher efficiencies.

*The authors gratefully acknowledge the support of the HiPER project in undertaking this work
(EC FP7 project number 211737), and support by NSF under Grant No. PHY-0078508, and by
DOE under Contract Nos. DE-FG03-NA0065 and DE-FG02-03ER54721 and DE-FGO02-
06ER54879.
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A PIC simulation study on the evolution of the real and
imaginary frequencies of 1D plasma waves*

T. Grismayer, J. Fahlen, B. Winjum, F. Tsung, G. Morales and W.B. Mori
UCLA

We use electrostatic PIC simulations to study the evolution of both the real and
complex frequency of 1D plasma waves. We considered two regimes. In the first regime,
y/w, >>1, where y and w, are the asymptotic damping rate and bounce frequency
respectively. In this regime the waves are typically very small and below the thermal
noise. These waves can be studied using a subtraction technique where two simulations
where identical random number generation seeds are carried out. In the first, a small
amplitude wave is excited. In the second reference simulation no wave is excited. The
results from each simulation are subtracted providing a clean linear wave that can be
studied. As previously predicted, the damping is divided in two stages, an initial transient
and an asymptotic decay (Landau’s formula). The time-dependent resonant width
measured in the simulations is compared with the theoretical prediction. In typical ICF
plasmas nl;’> <~10°. Therefore, the number of resonant electrons can be small for linear
waves. We will consider the effects of small numbers of resonant particles and their
consequences of the observed damping.

The evolution of the real and imaginary frequencies is also considered for non
linear plasma waves (i.e, for y/w, <<1). Specifically we consider the evolution of impulse

excited plasma waves in the kinetic regime (kA, > 0.3). The simulation results are in
reasonable agreement with the transient and asymptotic theoretical predictions of Morales
and O'Neil for parameters where their theory is appropriate. Furthermore, robustness of
the theory holds is tested by varying the parameters outside of the range of validity.
Classical nonlinear effects such as sideband instabilities, damping rate of high amplitude

plasma waves and BGK modes will also be discussed.

*This work was supported by DOE under grant Nos. DE-FG52-03-NA00065, DE-FG52-06NA26195, DE-
FGO02-03ER54721 and the grant from the LLNL.
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NIF ignition target with high-density carbon (HDC)
ablator¥*

D.D.-M. Ho, S. W Haan, J. D. Salmonson, G. B. Zimmerman, J. A. Harte, L. Benedict,
and M. R. Hermann'

Lawrence Livermore National Laboratory

'Sandia National Laboratory

on as an NIF ignition capsule ablator materlal has several advantages
including a very s ”vooth surface finish and small gram structure ifRecent Omega
experiments** show that if the first shock in the ablator is hi gher than about 6.5 Mbar,
which is in the lquId/Solld 2-phase region of the carbon phase diagram, then the shock
uniformity becomes comparable to that of the Be ablator. Consequently, this is the
strength that we adopt for the first shock in our latest HDC capsule design. Using various
scanning techmques,]{the capsule conflguratron and drive temperature profile are
optimized. W describe the 1- D margm and 2 D stabrhty behavror of the optimized point

design.

High-density ¢

*This work performe Lunder the ausprces of the Us. Department of Energy by Lawrence Livermo! ional
Laboratory under Contract DE-ACSZ 07NA27344 ~ . - "

**P, M. Celliers. pnvate commumcatlon
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Progress on laser-plasma acceleration using spatially
tailored plasmas*

1

W.P. Leemans,' E. Esarcy, C.G.R. Geddes,! Cs. Toth,' C.B. Schroeder,' K. Nakamura,
A.J. Gonsalves,' D. Panasenko,! E. Cormier-Michel,' G.R. Plateau,"” C. Lin,"”
'L awrence Berkeley National Laboratory, Berkeley, California 94720, USA
?Ecole Polytechnique, Palaiseau 91128, France
3Peking University, Beijing 10087, China

Progress on experiments at Lawrence Berkeley National Labor: is given on down-
ramp injection and on acceleration in capillary discharge plasma channels, which use
longltudmal and transverse shaplng of the plasma den81ty profile, respectlvely Control of
trapping in a laser—plasma accelerator usmg plasma densnty down-ramps produced
electron bunches with absolute longltudmal and transverse momentum spreads more than
ten times low: 'prev1ous experiments (0. 17 and 0.02 MeV/c FWHM,

respectively) and with central momenta of 0.76 + 0.02 MeV/c, stable over a.
operation. Experlments were also. carrled out using a 40 TW laser interactin with a
hydrogen—ﬁlled caplllary dlscharge wavegulde Fora 15 mm long, 200 pm diameter
capillary, quasi- monoenergetlc bunches up to 300 MeV were observed.
discharge delay from optimum guiding performance self-trapping was
stabilized. For a 33 mm long, 300 ym capillary, a parameter regime wit
bunches, up to 1 GeV, was found. In this’ regime, peak electron energy wa
with the amount of trapped charge. Simulations show that bunches produced n a down-
ramp and injec ed into a channel- gulded LWFA can produce stable beams with 0.2
MeV/c-class momentum spread at high energies.

* This work was supported by the U.S. Department of Energy under Contract No. DE-AC02-05CH11231.
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Finite-Size Effects in Electron Plasma Waves and Their
Application to SRS*

J.E. Fahlen, B.J. Winjum, T. Grismayer, F.S. Tsung, V.K. Decyk, W.B. Mori
University of California, Los Angeles

Particle-in-cell (PIC) simulations of stimulated R: 1an"scattering (SRS) in one and two
dimensions indicate that the daughter electon plasma waves are finite in their longitudinal
and transverse extent. Though previous work has examined many plasma wave
nonlinearities, including nonlinear frequency shifts, sideband instabilities, pump
depletion, and other, finite size effects have often been overlooked. In this poster we
present electrostatic PIC simulations used to study plasma wave propagation in detail. At
low amplitudes, the waves damp at the usual Landau damping rate. As the amplitude
increases, particles trap and novel effects associated with the wave’s finite size occur. In
1D, wave packets ‘etch’ away at a constant rate that depends on their amplitude and
wavelength. Finite waves in 2D tend to localize around their center due to an energy
imbalance between the trapped particles and the wave’s electric field. We compare these
results with lectromagnetic simulations to show their importance for SRS
reflectivity. .

* This work is supported by DOE under Grant Nos. DE-FG52-03-NA00065, DE-FG52-06NA26195, and DE-FG02-
03ER54721, and some simulations were carried out on the DAWSON Cluster supported under NSF grant No. NSFPhy-

0321345.
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Reducing laser plasma interaction surprises
in ignition-scale hohlraums*

William L. Kruer
University of California, Davis

The laser plasma "nteractlon physics expected for NIF hohlraums has been analyzed in
impressive detaili2. However, since the couphng physics is complex and excellent control
of its temporal -and spatial dependence is re is prudent to continue to search for
A number of effects not'usually.included in the mainline calculations
d. These include stimulated scattering at an angle, side scattering, the
2wpe instability; and multiple beam effects More attention is also focused on the heated
electron energy distributions as ‘well as on the poss1b111ty of higher than expected
effective temperatures due to the above mentioned processes. Finally, the sensitivity of
the coupling physics to variations in plasma conditions du uncertainties in the
electron heat transport is. dlscussed as well as some noise level and shaped pulse issues.

al, ""’Physws Plasmas 15 056314 (2008) | |
ysics Plasmas 16, 1 (2009), and references therein
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In the presence of a ion Kinetic effects

D. Pesmew and C. Ricondac)
) Centre de Physique Théorique, Ecole polytechique, CNRS, 91128 Palaiseau Cedex, France
() PAPD/LULI, Université Paris 6, CNRS-CEA, Ecole polytechique, 3, rue Galilée,
94200 Ivry-sur-Seine, France

We reconsider the stability of a "mother" Ion Acoustic Wave (IAW), characterized by its
amplitude ®n. In the context of SBS, the moth e is the IAW excited by SBS. The
i sis.of an IAW mother wave:has been carried out by various authors in the
past [1,2,3] in the context of an IAW fluid type nonlinearity. The fluid type nonlinearity
leads essentially to a decay instability, the growth rate of which scales like |®nl, and to a

modulational i ity, the growth rate of which scales like |®m.

In the present contribution, we reconsider the stability of a mo IAW by including, in
addition to the fluid-type nonlinearity, the ion kinetic effects, in the limit where they can
be modeled by a nonlinear frequency shift dcm scaling like dwn  |®m li2. This part of
our stability analysis generalizes, to [AWs and in a multidimensional geometry, the one-
dimensional stability analysis of an electron plasma wave in the presence of electron
e find in the case of an IAW, that the ion Kinetic effects give rise to
a modulational instability, characterized by a wave number transverse to the mother wave
direction, thus leading to the filamentation of the mother IAW. i

[1]J.A. Heikkinen, S.J. Karttunen, and RR.E. Salomaz, Phys. Fluids 27, 7
[2] B. I. Cohen, B. F. Lashinksi, A. B. Langdon, and E.A. Williams, Phy
956 (1997). L B E R R A A ;

[3] D. Pesme, C. Ricohda, and V. T. Tikhbnchuk, Phys. Plasmas 12, 092
[4] R. L. Dewar, W. L. Kruer, and,W. M. Manheimer, Phys. Rev. Lett. 2
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Electron Transport Simulations for
Fast Ignition on NIF
D. J. Strozzi, D. P. Grote, M. Tabak, R. P. J. Town, and A. J. Kemp

Lawrence Livermore National Laboratory
7000 East Avenue, Livermore, CA 94550, USA

the transport of, and energy deposition by, a beam of
relativistic electrons traversing a fuel assembl nt for fast ignition. The simulation
is done with the hybrid-PIC code LSP [1], T he direct-implicit algorithm in
cylmdrrcally—symmetnc (r-z) geometry ‘The fast electrons are modeled with standard
implicit PIC, wh effthe dense, cold background species are treated with implicit fluid
particles (that carry an internal energy and temperature). Collisions of fast electrons off
background species are handled with a relativistic, grid-based

We present simulations

Manheimer [2] and Lemons [3]; the formulae for energy loss and angular scattering are
those of Davies [4]. The manufactured fast-electron distribution function is chosen with
an energy and angular spectrum motlvated by exp1101t-PIC srmulatlons of short—pulse

explored. We have found that magnetlc flelds mcrease the deposmon i gnition
region of the fuel target, as reported previously by others. A cryogenic warm”
plastic (CD) target will be compared, both for beam parameters appropr coupling
experiment (~ 9 kJ of laser energy) and a full—scale i gmtlon experiment J of laser
energy) on NIF. (

[1]D. R. Welch D. V. Rose, et al., Phys. Plasmas 13 063105 (2006).

[2] W. M. Manheimer, M. Lampe, G. Joyce, J. Comp. Phys. 138, 563 (1997)

[3] D. S. Lemons, D. Winske, et al., J. Comput. Phys. 228, 1391 (2009).

[4] S. Atzeni, A. Schiavi, J. R. Davies, Plasma Phys. Control. Fusion 51, 015016
(2009)

[5] Y. T. Lee, R. M. More, Phys. Fluids 27, 1273 (1984).

[6] M. P. Desjarlais, Contrib. Plasma Phys. 41, 267 (2001).

* This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National
Laboratory under Contract DE-AC52-07NA27344, and supported by LDRD project 07-SI-001.
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Multi-GeV laser wakefield accelerator stage and
controlled injection simulations™

C.G.R. Geddes E. Cormier-Michel, E. Esarey, C.B. Schroeder, Cs. Toth,
and W.P. Leemans
‘ Natwnal Laboratory, Berkeley, Caliorina 94720

Lawrence Berke

D.L: Bruhwrler JR. Cary,B Cc aul‘ P. Stoltz and C. Nieter
Tech-X Corporatzon Boulder Colorado 80303

Laser-plasma-based particle accelerators promise more compact systems due to
accelerating gradients on  the order of 100 GV/m. achleved via ponderomotive excitation
of electron pla waves. Colllder and li ght source appllcatlons of these accelerators
will likely re(i ing of controlled 1n_|ectron of multl GeV accelerator modules to
produce and n in the requlred low emittance and energy spread. We present particle-
in-cell simulations usmg the VORPAL framework of upcoming 10 GeV-class LWFA
stages for the BELLA laser, towards eventual collider modules for both el ns and
positrons [1]. Design of effrclent few hundred—MeV stages for Thomson I
sources are also presented Laser and structure propagatlon are controll
combination of laser channeling and self guldmg Electron beam evolut
through laser pulse and plasma density shaping, and beam loading. This
efficient stages which preserve hi gh quality beams. ‘We also present res
trons into the structure to produce the required low emitta
”‘curately modelrng emrttance and energy spread will be di

1.E Cormrer—Mlchel et al., Proc. Adv Accel. Workshop 2008.

2. C.G.R. Geddes et al., PRL 2008.
3. E. Cormier-Michel et al, PRE 2008; C.G.R. Geddes et al, Proc. Adv Accel. Workshop

2008.

* This work was supported by the U.S. DOE Office of Science HEP including contract DE-AC02-05CH11231 and
SciDAC, and by U.S. DOE NA-22, DARPA, and NSF
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700 MeV electrons from an 8.5 mm Self-Guided Laser
Wakefield Accelerator*

C. E. Clayton, T. Doeppner K. A. Marsh, L. Divol', S. H.
Michel!, J. P. Palastro’, B. B. Pollock1 A. E. Pak,

Experimental results using a 200 TW, 60 fs laser pulse demonstrate acceleration of self-
rel of 730~MeV in an 85m };Hellum gas Jet’target To achleve

this degree o i matc
density of 3. Full 3D Partlele-ln-Cell simulations show excellent

experimental results. Energy measurements relied on a unique two-
toe 1m1nate error due to angular deviation of the elects
lectrons was found to be a strong funct

med under the auspices of the . S. Department of Energy by Lawrence Livermo
ontract DE-AC52- O7NA27344 and a Department of Energy Grant No. DEFGO
i esearch and Development Program under tracki
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The Hohlraum Energetics
experimental campaign on the
National Ignition Facility™*

S. zer, N.Meezan, J. D. Moody, K. Widmann, D. H. Froula,
L.D . L. Berger, P. Michel, J. Kline, D. H. Kalantar, S. Dixit,
pape, E. Dewald T. Doeppne ‘ tfﬁinkel D. Callahan,

National Ignition Facility and descnbe our approach for selecting the radia
temperature for ignition hohlraums.

*This was work performed under the auspices of the U.S. Department of Energy by Lawrence
Livermore National Laboratory under Contract DE-AC52-07NA27344.
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Extended Zakharov Predictions of Anomalous
Absorption in Inhomogeneous ICF Relevant Plasma
Due to the TwoPlasmonDecay Instability

J. F. Myatt, W. Seka, D. H. Edgell, A. V Maximov, and R. W. Short
Laboratory for Laser Energetics
University of Rochester, Rochester, NY 146201299
D. F. DuBois
Los AIamos National Laboratory, Los Alamos, NM

University of Caltforma San Dlego La Jolla, CA
: - D.A. Russell ‘
Lodestar Research Corporatlon Bolder CO

The results of twodimensional extended Zakharov calculations? of saturated
twoplasmondecay spectra and absorption will be presented in inhomogeneous
longscalelength plasma, the plasma parameters motivated by OMEGAscale
Directdrive de51gns Particular attention is pald to the effects of multiple crossing
beams, and the 0551b111ty of driving a common “shared” plasma wave.2 The effect
on absorption of beam intensity, beam crossing angle, and ionacoustic wave
damping rate are examined and possible preheat mitigation strategies discussed.
Estimates of preheat are compared with LILAC predlctlons of target performance
and OMEGA experimental data. The effect upon the “shape” of
spectrum of plasma waves of overlappmg beams is compared
bremsstrahlung measurements in planar foil targets and the likely
hot electrons (on which preheat is dependent) are inferred.? .

This work was supported by the U.S. Department of Energy O of Inertial
Confinement Fusion under Cooperative Agreement No. DEFC5208N/ 8302 The
University of Rochester and the New York State Energy Research an
Authority. The support of DOE does not constitute an endorsement by DOE of the
views expressed in this article.

1. 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).

2. W. Seka et al, “TwoPlasmonDecay Instability in DirectDrive Inertial
Confinement Fusion Experiments,” to be published in Physics of Plasmas.

3. J].F.Myatt et al, Bull. Am. Phys. Soc. 53, 168 (2008).
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1/2 woEmission from the Nonlinear Currents Generated
by the Two Plasmon Decay Instability

Don DuBoisi2, David Russell:, Hoanh Vus, J. Myatts, W. Sekas,

A.V. Maximovs, and R. W. Shorts
1Lodestar Research Corporation, Boulder, CO 80301
2Also at Los Alamos National Laboratory ,Los Alamos, NM 87545
3 Umverszty of California at San Diego, La Jolla, CA 920930407
4Laboratory‘ or Laser Energetics, University of Rochester, Rochester, NY 14623

since this

the critical
density is ruled out since ponderomotlve densny modification moves the turbulent region
to lower densities.

Research supported by contract # DEFC5208NA28302 from LLE.
[1]See e.g.Seka et al, earlier paper in this conference
[2]D.F.DuBois, D.A.Russell,and H.A. Rose , PRL 74, 3983 (1995)
[3]D.A.Russell, and D.F.DuBois, PRL 86, 428 (2001)
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Hot Electron Production from the TwoPlasmon
Decay Instability*

Hoanh Vui, Don DuBois23, David Russellz, J. Myatts, W. Sekaa,

A.V. Maximovs, and R. W. Short4
1 University of California at San Diego, CA.
:Lodestar Research Corporation, Boulder, CO.
3 Los Alamos National Laboratory, NM.
4Lab0rat0ry for Laser Energetics, Umverszty of Rochester, NY.

The reduced- descrlptlon part1c1e~1n—cell (RPIC) code was recently adapted to include the
two-plasmon d‘ 1 1nstab111ty (TPD) and results mdrcate that for some parameter
regimes, hot electrons attain a modest temperature of afew ti the background electron
temperature. Simulations of a single laser beam and of two cro laser beams, in which
TPDs share a common Langmuir wave, are presented at various background electron
plasma temperatures. T hese s1mulatlons are performed both in homogeneous plasmas and
in plasmas with a lmear gradlent in the background densrty Comparlsons with the
extended Zakh 1mulat10ns show remarkably 81m11ar spectral features

*Research supporti by contract # DEFC5208NA28302 from LLE.
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KINETIC DISPERSION OF LANGMUIR WAVES*

J.P. Palastro, E.A. Williams, D. Hinkel, L. Divol, and D.J. Strozzi
Lawrence Livermore National Laboratory
7000 East Avenue, Livermore, CA 94550, USA
palastrol @lInl.gov

kinetic dlsper on is also compared to the standard fluid dispe
equatlon of state (EOS) closure The EOS closure fails to captu

scalings in th
the kinetic di

[ , ] tablhty thresholds that can be in excess of

) the fluid theory 'Even for small kila, drscrepanaes can emerge in
r coupling for LMI and LF: the fluid dispersion relation can. neously
1bility in particular regions of parameters space.

*This work performed under the auspices of the U.S. Dcpartment of Energy by Lawrence Liverm nal

Laboratory under.Contract DE-AC52- 07NA27344
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Collective amplification of stimulated Raman and
Brillouin scattering by multiple laser beams in ignition
experiments®

el Laurent Divol, Nathan Meezan, Robert Kirkwood, Ed Williams,
rozzi, Debbie Callahan, Siegfried Glenzer and Larry Suter
Lawrence Livermore: Laboratory

Laser-plasma instability studles on the most recent i gnltlon targ esigns have shown
that the reflectivity levels of individual laser beams should remain small (a few percents
at most) [1]. However we will show in this talk that the backscattered light could be
collectively ampllfled on its way out of the hohlraum by all the laser beams crossing at
the laser entra e ho (LEH) The process is smular to a two- stage Raman or Brillouin
mplifier inside the target generatlng the seed, which gets

ified by a second amplifier stage at the LEH. The amplification by
each single laser beam is typically small, with linear gain exponents much
unity over long dlstances (about a ‘millimeter). However the contribution o
beams crossing at the LEH can lead to. ampllficatlon of the seed by up t
magnitudes. We will show how a careful choice of target des1gn and ma
composition can mitigate this problem by reducing the amplification gai
the pre-and post- amplifiers spectral domains.

t al Phy Plasmas 15 0563 14 (2008)

orders of

tuning

* This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National
Laboratory under Contract DE-AC52-07NA27344.
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Speckles effect in stimulated backscatter™®

L. Divol, E.A. Williams, P. Michel , D. Froula and R. L. Berger

Lawrence Livermore National Laboratory

We will dlscuss the role of laser speckles in .smoothed laser beam when
studying stimulated backscatter. Through | umerical results and various
analytical appro: imations, we will discuss the impact of plasma length, numerical
aperture (i.€. spe‘ ‘lé length), fmlte spot size, backscatter wavel gth and
polarization smoothmg on backscatter. w

* This work was performed under the ausplces of the Lawrence L1vermore Natlonal Secunty L
Contract No. DE ACS52-07NA27344 : ,
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Role of Electron Trapping in SRS on NIF Ignition
Targets

D.J. Strozzi', E. A. Williams', R. L. Berger', H. A. Rose?, D. E. Hinkel'
!Lawrence Livermore National Laboratory
7000 East Avenue, Livermore, CA 94550, USA
2Los Alamos National Laboratory
Los Alamos, NM 87545, USA

instability, have
criterion for the onset of trapping effects. N amely, the number
completed by resonant electrons before being detrapped by various loss mechanisms,

called the bounce number must exceed roughly unlty We find that for regions of NIF

er peckles provrdes a srgmﬁcantly hi gher threshold“than Coulomb
ocessing SRS simulations wrth the enveloped, paraxral code pF3D,

Different desi

Reduced models of trapping physrcs are needed to go;beyond this sir
merit. We have incorporated some such models into pF3D, as well as cn
1D Vlasov simulations. The effects of trapping on SRS properties like r
temporal evolution, and scattered llght spectrum us1ng these various descr
compared. .

ons, will be

* Work at LLNL supported by the U.S. Dept. of Energy by Lawrence Livermore National Laboratory under
Contract DE-AC52-07NA27344, and by LDRD project 08-ERD-017. Work at LANL supported by the U.S. Dept. of
Energy.
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Saturation of backward stimulated Raman scattering of
laser in trapping regime*

L.Yin, B.J. Albright, H. A. Rose, K. J. Bowerss, B. Bergen, S. M. Finnegan,
J.L.Kline, D. S. Montgomery, and J. C. Ferndndez

LQ; Alamos National Laboratory, Los Alamos, NM 87545.

in-cell simulations of backward
Iraum and Trident plasma have been
upercomputer, Roadrunner, presently the
e calculations reveal the complex nonlinear
S an f “at scale” 3D modeling of SRS in solitary and
multi- laser speckles. The physics governing nonlinear saturation ‘of SRS in a laser
speckle in 3D is consistent with that of prior 2D studies, [2], but with important
differences arising from enhanced diffraction and side loss in 3D compared with 2D. In
addition to wavefront bowing of electron plasma waves (EPW) due to trapped electron
nonlinear frequency shift and amplitude-dependent damping, we find for the first time
that EPW self-focusing, evolved from trapped particle modulational instability [3], also
exhibits loss sular coherence by formation of a filament necklace, a process not
available in ‘These processes in higher dimensions increase the side-loss rate of
trapped electrons, increase wave damping, decrease source coherence for:backscattered
light, and fundamentally limit how much backscatter can occur from a laser
both SRS onset and saturation, the nonlinear trapping induced physics is,
linear gain modeling of SRS, as previously observed in Trident ex
employing a binary collision mo nple |
operator, the influence

CO

fgy)ushmzultiy;

rful supercom
and point to a new er

Albright, L. Yin, B. Bergen, and T. J. T. Kwan, Phys. Plasmas, 15, 055702 (2008).

[1] K.J. Bowers, B.J. Bergen,and T.J. T.
[2]L.Yin,B ight; K. J. Bowers, W. Daughton, and H. A.Rose, Phys. Rev. Lett. 5004
(2007); Phys. 013109 (2008).. . = ;

[3] H. A. Rose, Phys. Plasmas, 12, 123 18 (2005); H. A. Rose and L. Yin, Phys. Plasmas;
[4] D. S. Montgomery, J. A. Cobble, J. C. Fernandez, R. J. Focia, R. P. Johnson, N. Renard
H. A.Rose, D. A. Russell, Phys. Plasmas, 9,2311 (2002); J. L. Kline, D. S. Montgomery, C. Rousseaux et
al., Lasers Part. Beams, 27, 185 (2009).

[5] T. Takizuka and H. Abe, J. Comput. Phys., 25,205 (1977).

*This work was performed under the auspices of the US DOE.
+Guest Scientist. Currently with D. E. Shaw Research, LL.C, New York, NY 10036.









