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Laser-Plasma Instability Experiments: From Understanding to 

Mitigation 

David S. Montgomery 

Los .--1/u1110s Votionul Luboruton· 

Los Alumos. .H 8 545 

In recent years, our understanding of the growth and nonlinear behavior of laser
plasma instabilities has blossomed, and many theoretically predicted phenomena have 
now been observed in laboratory experiments. Examples include observation of the 
effects of particle trapping for both Langmuir waves and ion acoustic waves, multiple 
wave-wave interactions of th�se plasma waves, the effects due to the interaction of 
multiple laser beams compared to single laser beams, as well as the observation of new 
nonlinear structures. Much progress has also been made in comparing the results of 
nearly ideal experimental configurations to quantitative ab initio models. Despite this 
success, a quantitative predictive capability for more complex experimental 
configurations, such as for ignition target designs, is still being developed. As we 
approach the cha I lenges that lie ahead for achieving ignition, the potential risks created 
by plasma instabilities will require well thought out plans to mitigate their effect. We will 
discuss some specific experimental strategies for mitigating the risk of laser-plasma 
instabilities, and will describe a simple theoretical framework for designing such 
experiments. Some of the challenges and issues of adopting these strategies will be 
discussed. 

L.\-L R-06-3-.92 
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PIC Simulations of Nonlinear Backward Stimulated Raman 
Scattering in the Kinetic Regime* 

L. Yin. W. Daughton, B. J. Albright, K. J. Bowers, D.S. Montgomery, J. L. Kline, and J.C.

Fernandez, 

Los ,..Jlomos Yationol Lahoratory, Los Alamos. N'vf 87545. L'S...J 

The nonlinear backward stimulated Raman scattering (SRS) of a laser is 

examined with linea·r theory and particle-in-cell (PIC) simulations in one and two 
dimensions. The study is performed under conditions resembling that of the Trident 

single hot-spot experiments at LANL [ 1,2] to model the SRS reflectivity scaling with 

laser intensity and kA0 (k is the Langmuir wave-number and AD is the plasma Debye 

length). It is shown that the electron beam acoustic modes (BAM) evolve from Langmuir 
waves as electron trapping modifies the distribution to a non-Maxwellian form that 
exhibits a beam component. The intersection of the Stokes root with BAM determines the 
matching conditions for BSRS at a nonlinear stage. As the frequency of the unstable 
Stokes mode decreases with increasing wavenumber, the damping rate and the phase 
velocity of BAM decrease with the phase velocity of the Stokes mode, providing a self

consistently evolving plasma linear response that favors continuation of the nonlinear 
frequency shift [3]. Both the reflectivity scaling with laser intensity and the spectral 

features from simulations are discussed and are consistent with Trident experiments. The 
details of the wave-particle interaction region in the electron velocity distribution 

determine the growth/damping rate of these electrostatic modes and the nonlinear 
frequency shift. In modeling this behavior, the use of sufficiently large numbers of 

particles in the simulations is crucial. 

[I] D. S. Montgomery. et al.. Phys. Plasmas, 9. 2311 (2002). 

[2] J. L. Kline. et al.. ·'Different k)..,
0 

regimes for non-linear effects on Langmuir waves", Phys.

Plasmas. in press (2005).
[3] L. Yin. et al., Phys. Rev. E. 73. 02540 I (R) (2006).

*This work was performed under the auspices of the U.S. Department of Energy (DOE) by the
University of California Los Alamos National Laboratory (LANL) under contract No. W-7405-

Eng-36. 
I ' 
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Stimulated Raman Scatter Convective Threshold in a Speckled 

Laser Beam 

Harvey A. Rose 

Los Alamos I 'otionol Lahora/OIT 

Stimulated Raman scatter from a speckled laser beam, in the strongly damped 
regime. may exhibit a divergent mean gain, ( G). and reflectivity, ( R) = ( C) R

0
• 

according to linear theory as the average laser i"ntensity, ( t), approaches a critical \ alue. 

lc. Nonlinear effects eliminate this divergence. e.g, if high int-:11:--it; ')111..\_kL.,--, irnplity 
le-,-.; th,t: !in\.."cit t! 1 _·t,:� 11tl.·dicb hcc:1u:---c th1...'ir inc.Ii\ idua! b:.ick:-.ci.ltlC1· i-, �ilrct1dy -..,,�L rakd. 
This may occur in the kinetic regime for relatively small Langmuir wave amplitudes: 
electron trapping reduces the SRS daughter Langmuir wave' s damping from Landau's 
value to :::::: the thermal-electron speckle-width transit rate, v, once the electron bounce 
frequency>> v. If this occurs only in rare speckles, with I>> lc their backscatter is an 
augmentation of the thermal source, R

0
, with essentially a linear mechanism determining 

the SRS threshold for the ensemble of speckles. Conversely, if many speckles exhibit a 
saturated S RS response, then electron trapping will reduce the apparent threshold 
intensity below lc. However, for kA

0 
> 0.53, Langmuir wave resonance is not possible 

and electron trapping pushes the wave further from resonance, reducing G from its linear 
value e\ en though the wave's damping is reduced. Thus deep into the kinetic regime, 
and by continuity this will begin at values of kA

0 
< 0.53, electron trapping will raise the 

onset value of(!) above le. For still smaller values of kA
0

, when is (I)= /
c 

at onset? 

The answer, which depends in a simple way on optic f/#, laser wavelength and electron 
temperature is presented. 
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Where in the (CD- k) Plane Can KEEN Waves Live? 

Phase Space Distribution Function Partitions, Trapped 

and Untrapped Particle Orbit Statistics and Energy 

Density Partitions* 

Bedros Afeyan.l V. Sanhenko.J K. Won) and T. Johnston2 

I Polrn,wh Research. Pll!osunton. CA 2/VRS-Energie-!Hoterioux. Quebec. Cunacla 

We will present Vlasov simulation and theoretical results on optical mixing generated
Kinetic Electrostatic Electron , on linear ( KEE\f) waves I with the following specific questions in
mind. Where in the ((J)Drive-kDrive) plane can KEEN waves be generated and sustained? For
what ,·alues of dri,·e frequency does a given wavenumber KEE \Nave have maximum density
response·: Ho,v different are the Fourier mode compositions of the KEEN waves found in the
k),D range (0.1 - 1.0) and the (l)!(!)p range (0.1 - 2)? What differentiates well-formed from ill
formed KEE, waves in phase space? Can one find a minimal set of distribution function
partitions in phase space where each partition has its own specific role to play with respect to the
non-stationary yet long lived behavior of undamped multi-mode electrostatic nonlinear high
frequency waves? What is unique about the nature of the trapped to untrapped particle orbit
statistics in each of these significant partitions? What can be said about the kinetic and potential
energy densities in these partitions and in these different Fourier modes that make up KEE).[
waves'? For a given drive amplitude and drive time, can we trace out the locus of the KEE
waves 1vvith the largest density response and the edges of where KEE waves can be excited?
Will KEEN waves live outside this range at higher amplitude drives? Can we arrive at sufficient
and/or necessary criteria for the identification of a long-lived structure in phase space as being a
KEEi wave?

KEE, waves are states of high frequency. nonlinear, kinetic undamped self organization
of a plasma which. unlike Landau damping, quasilinear diffusion and O'Neil or BGK modes, live
in the spectral gap of traditional plasma physics and involve the trapping, untrapping and
retrappping of large portions of their constituent particles in a multimode, largely coherent field
emerging out of stochastic (yet self-consistent many body) wave-particle interactions (as opposed
to single particle orbits in prescribed fields where large scale diffusion, once untrapping occurs, is
almost inevitable).

I B. Afeyan. et al., Kinetic Electrostatic Electron onlinear (KEEN) Waves and their
Interactions Driven by the Ponderomotive Force of Crossing Laser Beams. 213. in Proc. Third
Intern. Conf.
on Inertial Fusion Science and Applications. B. A. Hammel. D. D. Meyerhofer, J. Meyer-Ter
Vehn and H.
Azechi. editors, American Nuclear Society, 2004
*This work was supported by the DOE Stockpile Stewardship Academic Alliance PRI Grant DE
FG03-3 NA00059.
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Nonlinear Evolution of SRS Coupled with 
The Langmuir Decay Instability 

In a Multidimensional Inhomogeneous Plasma 

Th. Fouquet 1. .!. D. Pesme '. S. Huller 
1
, M. Casanova

.!
, and P. Loiseau

2 

1 Cemre cle Ph_n'il/ll€:! Thi'oriq11e. Ecole Po(rtechnilJUe 
91 ! }8 Palaiseau Ccclf:!.\', Frnncf:! 

� CL-1-Df F. BP 12. 91680 Bmyeres-l<:!-Cl1lil<:!I. Frnnce 

. 1-05 

We investigated the nonlinear evolution of S RS by means of numerical 
simulations carried out with a fluid type code. in the limit where the nonlinear saturation 
mechanism is the Langmuir Decay In�·t ... 1bility (LOI) resulting from the coupling of the 
Raman generated Langmuir wave with the ion acoustic wave (IA W). We considered the 
case of an inhomogeneous multidimensional under-quarter critical plasma in the regim.es 
where the Rosenbluth I gain factor is sufficiently low. therefore limiting the Langmuir 
wave amplitude to values such that the electron kinetic effects can be ignored. We have 
observed that depending on the plasma parameters, the LOI may decrease or. 
surprisingly, increase the SRS reflectivity. We interpret the latter case as the result of the 
fact that the small periodic modulations of the electron density profile caused by the LOI 
generated IA W are able to transform spatial amplification into an absolute instability, as 
initially observed by 0. icholson2

, investigated in detail by T. W. Johnston·\ and 
quantified by M. Casanova et al4

. 

1. . Rosenbluth. Phys. Re . Lett. 29, 565 ( 1972)
D. R. Nicholson. Phys. Fluids 19, 889 ( 1976)
G. Picard. T. W. Johnston. Phys. Fluids 28, 859 ( 1985)

➔ M. Casanova. D. Pesme. T. Fouquet, P. Loiseau and S. Huller. "Revisiting parametric

instabilities in inhomogeneous plasmas''. poster presentation, this conference.
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One-dimensional PIC Simulations of Stimulated Raman 

Scattering. 

Comparison with Fluid Type I
V

Iodeling 

' _/ A. Heron'. S. \\'ebe 1.1 dam\ T. Fouquet ! .-'_ S. Huller'. 

_____ .,._,.,..-c:, 

d C. Riconda '· 2 

/ I Cemre de Physic1ue Tin ..... · T, . - co e Pofvrechnique 91128 Pulaiseau C r:c/1:x. Fronce 
2 Cen!n: cles Lasers fnrenses er Applications. Unil·ersire Borcleou_r I. 334()5 Talence 

C edex. France 
3 C E--L DJ F BP I :l. 9 I 68() Bruyeres-Le-Charel. France 

Following previous studies , _'. we investigated the nonlinear evolution of SRS by 
means of full PIC simulations in the case of a plasma foil expanding in vacuum. The 
particles are reflected by the am bipolar potential. One objective of our studies is to· 
classify the regimes for which the nonlinear saturation of SRS results (i) from kinetic 
effects, (ii) from LOI, or (iii) from both. To do so, we varied in a broad domain the laser 
intensity. the electron and ion temperatures and the plasma length. In the case where LDI 
is the saturation mechanism, we then compared the PIC results with a fluid type 
description corresponding to the coupling of two paraxial equations describing the 
transverse waves with the Zakharov equations 4. 

I K. Y. Sanbonmatsu, H. X. Vu, B. Bezzerides, and D. F. DuBois, Phys. Rev. Lett. 82, 932 
( 1999): K. Y. Sanbonmatsu, H. X. Vu, B. Bezzerides, and D. F. DuBois, PoP 7. 1723 (2000). 
2 H. X. Vu. D. F. DuBois, and B. Bezzerides, Phys. Rev. Lett. 86, 4306 (200 I); H. X. Vu, D. F . 
DuBois. and B. Bezzerides, PoP 9, 1745 (2002). 
3 A. B. Langdon and D. E. Hinkel, Phys. Rev. Lett. 89, 015003 (2002). 
-l H. A. Rose, D.F. DuBois, and B. Bezzerides, Phys. Rev. Lett. 58. 254 7 ( 1987); T. Kolber. W. 
Rozmus. and V.T. Tikhonchuk, Phys. Fluids B 5, 138 ( 1993): H. A. Rose, PoP 5. 3688 ( 1998); H. 
A. Rose. PoP 5. 3876 ( 1998); H. A. Rose. PoP 6. 4 76 (1999).
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Issues in Fast Ignition* 

M. Tabak

Lcrnn::nce Livf:!rmore National Lahoraro1T 

T-0 I

Scientists around the world have studied Fast Ignition, an alternate form of 
inertial fusion, with increasing intensity over the past decade. In this scheme, the fuel is 
first compressed by a long pulse driver and then ignited by the short pulse laser. Due to 
technological advances, external energy sources (such as short pulse lasers) can focus 
intensity equivalent to that produced by the hydrodynamic stagnation of conventional 
inertial fusion capsules. This review will discuss the ignition requirements and gain 
curves starting from simple models and then describing how these are modified, as more 
detailed physics understanding is included. The critical design issues revolve around two 
questions: How can we efficiently assemble the compressed fuel? And how can we 
deliver the power from the driver to the ignition region? We will describe schemes to 
shorten the distance between the critical surface, where the high intensity laser deposits 
its energy into relativistic electrons, and the ignition region. We will review the 
theoretical and experimental status of the -�hole boring" and '"cone focus" schemes. In 
the hole-boring scheme an additional laser beam's ponderomotive light pressure is used 
to push the coronal plasma out of the ignition laser's beam path. For the cone focus 
scheme the implosion target is manufactured such that a vacuum path for the ignition 
laser is maintained during the implosion phase. We will describe what is known about the 
efficiency with which light couples to a plasma and the transport properties of the 
relativistic electrons that are generated during the interaction. An alternate route to 
coup I ing the energy to the ignition region passes through an intermediate stage where 
protons are generated from a virtual cathode and then focused into the compressed fuel . 
Experiments and modeling of the transport of proton and electron beams will be 
described. Finally, the status of the project is compared with our requirements for 
success. Future research directions will be outlined. 

" *This work was performed under the auspices of the U.S. Department of Energy by the 

University of California, Lawrence Livermore National Laboratory under contract No. W-7405-
E. G-48.
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Laboratory Demonstration of e+e- Pair-Plasma Production on 

OMEGA EP 

J. Myatt, A. V. Maximov, and R. W. Short
Lahorato1:1'.fiJr Laser Energetics. Uniffrsity of Rochester. l50 East River Road. Rochester. i\ Y 

14623-/299. U.S.A. 

On the basis of implicit-hybrid. particle-in-cell (PIC) calculations. it is shown that 
positrons of sufficient number and density may be created for OMEGA EP parameters so 
that they behave as a collective, many-body system (to our knowledge, a convincing 
demonstration of e+e- pair-pJpsma prq-£uction in the laboratory has yet to be achieved). 
We estimate that between IOI I and 1d12 positrons can be made on OMEGA EP with the 
Bethe-Heitler conversion of hard x-ray bremsstrahlung, I assuming a total laser energy of 
5 kJ and a 40% conversion efficienc of laser energy into hot electrons. Once produced, 
the positrons rapi y expand, carrying a neutralizing cloud of electrons with them.2 For 
this expanding e+e- cloud to be considered a plasma, there must be many particles in a 
Debye sphere, and the cloud must be many Debye lengths in size. If the cloud is allowed 
to freely expand, these conditions are unlikely to be satisfied. We show that sufficient 
confinement can be obtained by using one OMEGA EP beam to magnetize the target. To 
confirm the production of an e+e- plasma, we show how peculiarities in the linear mode 
structure3 can be exploited. 

This work was supported by the U.S. Department of Energy Office of Inertial Confinement 
Fusion under Cooperative Agreement No. DE-FC52-92SF l 9460. the University of Rochester, 
and the ew 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. 

l . J. D. Bjorken and S. D. Drell, Relativistic Quantum Mechanics (McGraw-Hill, . ew York,
1964); D. A. Gry aznykh, Ya. Z. Kandiev, and V. A. Lykov, JETP Lett. 67, 257 ( 1998); K. 
Nakashima and H. Takabe, Phys. Plasmas 9, 1505 (2002). 

2 E. P. Liang, S. C. Wilks. and M. Tabak, Phys. Rev. Lett. 81, 4887 ( 1998). 
3. G. P. Zank and R. G. Greaves, Phys. Rev. E 51, 6079 ( 1995).
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Absorption and Energy Partition of Short Laser Pulses in 

the Relativistic Regime 

. , sh h d, " Ch ' , . . 2 2 3 Y. Pmg , R. ep er , . en , H.K. Chung , T. D1tm1re . G. Dyer, A. Faenov . K. 
B. Fournier 1

, S. B. Hansen', A. Kemp\ A. Niles 1
, T. Pikuz3, K. Widmann' and S.C.

Wilks I 
1 lmffence Livermore National Laboratorv, li1:ermore. CA. L'SA.

-'unii·ersitr ol Texas at AllSti�. TX, USA 
3 v JJ FTR/. Moscoir, Russia 

4Department of Physics, University ol evada. Reno ,VV 

We present the first direct measurements of energy absorption at laser intensities 
of 10 17 

- 10�0 W/cm�. A surprisingly high value of absorption(~ 90%) was observed for P 
- polarized laser pulses at oblique incidence in the ultra-relativistic regime. The spatial
distributions of hot electrons measured by dosimeters show that the dominant absorption
mechanism changes with intensity: from resonant absorption at� 10 18 W/cm":. , to JxB
heating at~ l 0 1 9 W/cm\ and to vacuum heating at~ l 020 W/cm2

. Furthermore, the
partition of absorbed laser energy into thermal and non-thermal electrons was studied at
10 17 

- l 0 19 W/cm2 by various diagnostics including an electron spectrometer, an optical
spectrometer and a dual-crystal von Harnos spectrometer coupled with an ultrafast x-ray
streak camera. The time history of Ti Ka emission reasonably agrees with calculated
thermal-hot electron equilibration time based on measured hot electron temperature.
Unexpected enhanced population of thermal electrons was observed as the intensity
increases to 10 19 W/cm2 , which we think is due to collisional damping of hot electrons in
combination with the expansion of the plasma.



Oral Session 4 

11 :00 am - 12:20 pm

Session Chair: Juan Fernandez, Los Alamos 

National Laboratory 
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Observation of Amplification of a 1 ps Pulse by SRS of a 1 ns 

Pulse in a Plasma with Conditions Relevant to Pulse 

Compression 

R. K. Kirkwood, S. C. Wilks, E. Dewald, N. Meezan, C. Niemann, 0. L. Landen. LL VL. J.

\Vurtele, . .J.E. Chairman, R. Lindberg, UC Berkeley1LBL, N. J. Fisch, V. M. Malkin. 

Princeton University 

We have demonstrated the amplification of a I ps, 1200 nm, probe pulse when 

counter propagating with a Ins, I. I x 10
15 

W/cm
2 , 1064 nm pump pulse, in a He gas 

plasma created by the pump. When the gas and plasma density is adjusted to match the 

resonance condition for the probe to seed the stimulated Raman scattering (SRS) of the 
pump(~ I x 10 19 

e/cm3
) we find that the transmitted probe energy is enhanced by up to

3 7x of its value off resonance, and that as much as 4 mJ of energy is transferred. This is 
the first demonstration that a l ns pump beam can significantly amplify a ultra short pulse 
by SRS in a plasma with conditions that can survive irradiation by the pump, and which 

is therefore attractive for compression of the pump when the interaction length is 
increased. Experiments both at reduced pump intensity, and with an 1124 nm 
wavelength probe interacting in a 2.5 x 10

18 e/ cm
3 

plasma, also show a strong scaling of 
amplification with the resonant density and probe wavelength, and a weaker scaling with 
pump intensity. Measurements of the un-seeded SRS backscatter show similar scaling 

with density suggesting that the scattering waves are non-linearly saturated in this 

regime. Scans of relative beam timing and plasma density will also be discussed as will 

considerations for compression of Ins pulses. 

This Work was performed under the auspices of the U.S. Dept. of Energy by University of 
California Lawrence Livermore National Laboratory under contract No. W-7405-ENG-48. 
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Filamentation off ast-Ignition Electron Transport in Plasmas: r /'"
Spa

R. W. Short and J. Myatt 

laboruto,yfor laser Enf::'rgetics, Cni\'f?rsir_,· o_/Rochester 
Rochr.-!sler. VY /4623 

tial Growth and Absolute Modes 

A comprehensive dispersion relation for relativistic electron-beam 
microinstabilities has been developed. This dispersion relation includes both electrostatic 
and electromagnetic tenns. allows arbitrary directions and complex values for the 
perturbation wave vector, and. can incorporate fully relativistic Max\\ ell-Boltzman
Juttner distribution functions or approximations thereto. In this talk, the relation is used to 
explore some aspects of beam filamentation for parameters relevant to fast ignition (FI). 
The FI electron beam originates with perturbations imposed by laser and plasma 
nonuniformities near critical density and must then propagate through progressively 
denser plasmas to the compressed core, where its energy is deposited. Weibel-like 
filamentation instabilities are often seen in simulations of this process. Previous analyses 
of these instabilities have determined temporal growth rates.1,2 However, since filaments 
are initiated in the generation region near critical density and grow as the beam 
propagates inward, spatial growth rates are more appropriate to this problem. In 
detennining these growth rates it is necessary to distinguish complex values of the wave 
vector corresponding to growth from those corresponding to evanescent modes) It is 
found that spatial growth can give way to absolutely growing modes, which can be 
expected to dominate the filamentation process regardless of the perturbations imposed 
by beam generation. These results determine the essential physics and the spatial and 
temporal scales pertaining to the fastest growing modes, and thus the necessary resolution 
and appropriate physics approximations for efficient simulation of these modes. This 
work should further be useful in benchmarking codes such as LSP. 

This work was supported by the U.S. Department of Energy Office of Inertial Confinement 

Fusion under Cooperative Agreement No. DE-FC52-92SF 19460, 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. 

I. C. Gremillet et al., Phys. Plasmas 9, 94 l (2002).

2. A. Bret and C. Deutsch. Phys. Plasmas 12, 082704 (2005). 

3. R. J. Briggs, Electron-Stream Interaction with Plasmas (MIT Press, Cambridge, MA,

1964).
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Wakefield Accelerators for Ultrafast Particle and Radiation 

Sources Using Ultrashort-Pulse Lasers 

 
C.G.R. Geddes. E. Esarey, B. Nagler, K. Nakamura. C.B. Schroeder. C. Toth,

J. van Tilborg, W.P. Leemans, LBNL

E. Michel. T. Cowan. UNR

A.J. Gonsalves, S. M. Hooker. Oxford Uni\-ersity. UK 
D. Bruhwiler. Tech -X. J. Cary. Tech - X & U. Colorado

Current particle accelerators for radiation sources. high energy physics. and other 

applications are typically limited to- accelerating gradients near 50 MY /m to avoid 

material breakdown. resulting in bulky, expensive machines. The cm wavelength ot the 

RF accelerating structures also require beam manipulation to produce fs-scale radiation. 

A compact technology for generating intense energetic electron beams and synchronized 

femtosecond radiation sources is plasma acceleration using high energy density lasers. 

The physics, research status. and challenges of laser wakefield based accelerators 

and radiation sources will be discussed. The radiation pressure of an intense laser pulse 

drives a space charge wave in a plasma, producing acceleration gradients on the order of 

100 GV/m and micron wavelength accelerating structures for femtosecond beams. To 

drive such structures. short pulse lasers are used (40fs, 40 TW, 1=10 18-10 19 W/cm:. ) so that 
the ponderomotive force resonantly drives the wave (L,ascr~ c/w

p
) in cold, low density 

plasmas (Te
~ 10 eV, ne

~ l0 18 cm-3). Structured plasmas (channels) are used to guide this

drive pulse, maintaining the accelerating field beyond the laser diffraction range. 

Acceleration limits include guiding, electron trapping. and dephasing. 

Experiments have rapidly progressed beyond the initial demonstration of high 

accelerating gradients. Recently, electron beams of narrow energy spread and good 
emittance have been produced at several facilities including ours by extending the 

acceleration distance to match the dephasing length over which the particles outrun the 

wave. In the past year, acceleration distance has been extended to cm-scale using 

channels at LBNL, resulting in energies up to 1 GeV. Production of THz and X-ray 
radiation have also been observed, and THz has used to verify that the bunches are fs in 

duration. With these advances, laser accelerators are of increasing interest for 

applications. Particle and fluid models are used due to the highly nonlinear regime of 

operation, and these results are discussed in parallel with the experiments. 

Challenges include control and reproducibility of the electron beam, scaling to 

higher energies, and detailed modeling to understand what optimizations are available. In 

particular, injection of particles into the wave must be accurately controlled, and shot to 

shot variation must be reduced. Accurate modeling of three-dimensional problems of 

centimeter scale presents additional challenges. 
Supported by U.S. Dept. of Energy contracts DE-AC02-05CH l l 23 l. DE-FG03-95ER40926. DE

FG02-0 I ER4 l I 78. DE-FG02-03ER83857, SciDAC. INCITE. and NSF 0 I I 3907. 
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New Capabilities for Simulations of Radiation Hydrodynamics 

and Challenges for the Future* 

M. M. Marinak,

N. R. Barton, R. Becker, D. H. Munro, S. W. Haan 

Lawrence Livermore National Laboratory 

The design of inertial confinement fusion experiments and interpretation of the 
experimental results rely heavily upon complex codes which treat a full spectrum of 

physical processes. The variety of experiments they are used to simulate continues to 
expand. We consider relatively new categories of simulations facilitated by recent 

advances in the 2D/3D multiphysics code HYDRA. One class of simulations examines 
effects induced by the polycrystalline structure of the beryllium ablator in a NIF ignition 

capsule. In one proposed design a silicon foam-filled hohlraum generates high levels of 
x-ray preheat, causing the beryllium grains to expand into the ice. To examine the effect

on the capsule a 3D polycrystalline model is employed that resolves the anisotropic
elastic and plastic response, down to individual grains. HYDRA simulations resolve the

subsequent growth of perturbations seeded in this capsule for modes ranging up to I ~
1800. A second category of interest encompasses well-resolved simulations of
engineered features in targets. As an example we consider a NIF hohlraum with a line of

sight pipe attached to a mock capsule. The view through the pipe enables precise, direct
measurement of the timing of shocks transiting the shell. This experimental geometry

will be employed to tune the timing of staged shocks in NIF ignition capsules. Direct
simulations can assess how closely the timing information obtained from this surrogate
target matches the ignition capsule. Our discussion will also cover capabilities planned
for the future. These include modeling of magnetic fields in 3D, including the
complications that arise from wide variations in the Hall parameter and from the Nernst
convective term. Outstanding issues comprising challenges for the future will also be
discussed.

*This work performed under the auspices of the U. S. Department of Energy by the University of

California Lawrence Livermore National Laboratory under Contract No. W-7405-ENG-48.
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Thoughts on the Modeling of Fluid Instabilities in Inertial 

Confinement Fusion Hydrodynamics Codes* 
 
Steven T. Zalesak 

Plasma Physics Division 
Naval Research Laboratory        

Washington, DC 20375 

The problem we which to address is that of accurately modeling the evolution of 

small-amplitude perturbations to a time-dependent flow, where the unperturbed flow 

itself exhibits large-amplitude temporal and spatial variations. In particular, we wish to 
accurately model the evolution of small-amplitude perturbations to an imploding ICF 
pellet, which is subject to both Richtmyer-Meshkov and Rayleigh-Taylor instabilities. 

Any errors that we make in numerically modeling the unperturbed flow, if they 
have a projection onto the space of the perturbations of interest, can easily compromise 
the accuracy of those perturbations, even if the errors are small relative to the 
unperturbed solution. As we have reported recently, most of the progress we have made 
toward our goal of accurately modeling the evolution of such small-amplitude 
perturbations has been achieved by imposing a "differentiability condition" on the 
individual numerical components of our radiation hydrodynamics codes. 

Here we give an update on that work, and modify our previous numerical design 
criteria to include the notion of "effective nondifferentiability." 

* This work was supported by the U.S. Department of Energy
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Performance and Stability of Sub-MJ Direct-Drive Pellets* 

1, , 
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J.H. 
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Gardner
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Colombant', 
and D.E. 

S.T. 
Fvfe

3 
Zalesak', J.W.

l Plasma Physics Division, Naval Research Laboratory. Washington DC
2Berkeley Research Associates, Springfield. VA 

3LCP&FD, Naval Research Laboratory, Washington DC 

There is interest in producing appreciable fusion yield with lasers that are as small 

as possible. Targets with yields of order 1 0MJ, when ignited at several Hz, can form the 

basis of a facility useful for fusion testing[ 1]. We find that useful targets can be designed 

for laser energies of significantly less than a megajoule, and extensively analyze targets 

driven by about 500 kl In order to produce igniting pellets in this energy range, the 

implosion velocity must be increased to ~4x 107cm/s. Likewise, in order that the 

hydrodynamic stability be minimized, the drive pressure must also increase. The laser 

that best handles these demands is the KrF laser, with its inherent optical smoothing 

ability and short wavelength (0.248 microns). The short wavelength allows penetration to 

higher densities (producing higher pressure) while minimizing the risk of laser-plasma 

instability. 

Targets designed using this approach will be presented here. We will show both 

ID and 2D simulation results and analysis. We employ recently developed numerical 

algorithms[2] and modem strategies that optimize both the gain and stability(3]. The 

sensitivity of these targets to both low-mode (e.g., beam geometry, power imbalance, 

surface finish) and high mode {pellet uniformity, laser imprint) sources is examined. We 

find that targets resistant to hydrodynamic instabilities can produce substantial gain while 

being driven by ~500 kl of KrF light. 

[I] S. P. Obenschain et al., to be published in Phys. Plasmas (2006).
[2] S. T. Zalesak et al., Phys. Plasmas 12, 056311 (2005).
[3] K. Anderson and R. Betti, Phys. Plasmas 10, 4448 (2003);
N. Metzler, A. Velikovich, and J. Gardner, Phys. Plasmas 6, 3283 ( 1999);
S. P. Obenschain et al., Phys. Plasmas 9, 2234 (2002).
* Work supported by US DOE
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A Monoenergetic Proton Backlighter for Measuring E and B 

Fields and for Radiographing Implosions and HED Plasmas 

(!__ {� D. Petrasso, C. K. Li, F. H. Seguin, J. A. Frenje, R. Rygg 
Plasma Science and Fusion Center, Massachusetts Institute of Technology, Cambridge, 

Massachusetts 02139 

R. P. Town, P. A. Amendt, S. P. Hatchett, 0. L. Landen, A. J. Mackinnon, P. K. Patel 
Lawrence Livermore national Laboratory, Livermore. California 94550 

V. A. Smalyuk, J.P. Knauer

LaboratOJy for Laser Energetics, University of Rochester, Rochester. Nei-v York 1462 3 

A novel monoenergetic proton backlighter source has been utilized at OMEGA to 
study electric (E) and magnetic (B) fields generated by laser-plasma interactions, and will 
be utilized in the future to radiograph OMEGA implosions. Such a backlighter consists of 
an imploding glass micro-balloon with D3He fuel directly driven by 20 or fewer beams. 
D3He reactions generate penetrating 14.7 MeV protons, and DD reactions generate 3.0 
MeV protons. For quantitative study of E+B field structure, monoenergetic protons have 
several unique advantages compared to the broad energy spectrum used in previous 
experiments. To this point, in recent experiments with a single laser beam (intensity ~ 
1014 W/cm2) interacting with a CH foil, B fields of~ 0.5 MG and E fields of ~2x ]Os V/m 
have been measured using proton deflectometry. LASNEX simulations are being used to 
simulate these experiments. Additional information will also be presented on the 
application of this technique to measuring E and B fields associated with hohlraums and 
directly driven implosions, and to radiographically mapping the areal density (pR) 
distribution in imploded capsules, and to radiographing high-energy density (HED) 
plasmas. 

The work described here was performed in part at the LLE National Laser User's Facility 

(NLUF), and was supported in part by US DOE (Grant No. DE-FG03-03SF2269 l ), LLNL 

(subcontract Grant No. B504974), and LLE (subcontract Grant No. 412160-00IG). 
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Measuring E and B Fields in Laser-Produced Plasmas Through 
Monoenergetic Proton Radiography 

C. K. Li, F. H. Seguin, J. A. Frenje, R. Rygg, R. D. Petrasso
Plasma Science and Fusion Center, Massachusetts Institute of Technology, Cambridge, 

Massachusetts 02 13 9 
R. P. Town, P.A. Amendt, S. P. Hatchett, 0. L. Landen, A. J. Mackinnon. P. K. Patel 

Lawrence Livermore National Laboratory, Livermore, California 94550 
V. A. Smalyuk, T. C. Sangster, J.P. Knauer

laboratory for laser Energetics, University of Rochester, Rochester. New York 1462 3 

Electromagnetic (E/B) fields generated by the interaction with plasmas of long
pulse, low-intensity laser beams relevant to inertial confinement fusion have been 
measured, for the first time, using novel monoenergetic proton radiography methods. 
High-resolution, time--gated radiography images of a plastic foil driven by a 1014 W /crru 
laser implied B fields of~ 0.5 MG and E fields of~ I.5x I Os V/m. Complete simulations 
of these experiments with LASNEX +LSP have been performed and are quantitatively 
consistent with the data both for field strengths and for spatial distributions; this is the 
first direct experimental test of the B-field generation package in LASNEX. The 
experiments also demonstrated that laser ph_� plates substantially reduce small-scale 
chaotic field structure. 

The work described here was performed in part at the LLE National Laser User's Facility 
(NLUF), and was supported in part by US DOE (Grant No. DE-FG03-03SF2269 l ), LLNL 
(subcontract Grant No. B504974), and LLE (subcontract Grant No. 412160-00IG). 
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Modification of Laser Beam Coherence Properties During the 

Propagation Throughunderdense Plasmas 

M. Grech'-2, V.T. Tikhonchuk 1
, G. Riazuelo2, S. Weber 13 

I CELIA, Universite Bordeaux I, 351 cours de la liberation, 33405 Ta/ence, France 
2 CEA/DAM/DJF

I

DPTA. BP 12, 9/680 BruyeresleChcitel, France 
3 L UL!, Ecole Pol_vtechnique, 91128 Palaiseau, France 

Inertial fusion experiments require to control the laser coherence properties to obtain an 
efficient deposition of the laser energy on the target. This control is ·currently achieved by 
optical smoothing techniques. However, previous works suggest that the interaction 
between a spatially incoherent beam and a low density plasma could be an attractive way 
to provide laser beam smoothing. At sufficiently high intensity, the reduction of the beam 
coherences results from the interplay between filamentation and forward stimulated 
Brillouin scattering (FSBS). This regime lead to a strong reduction of the temporal 
coherence but it is associated with filamentation and strong angular spreading of the 
transmitted laser light. This paper considers a lower intensity regime where the 
selffocusing threshold is not reached. In such a regime, only collective processes from an 
ensemble of hotspots can explain the observed coherence loss. Using a statistical model 
for the propagation of partially coherent laser beams through plasmas, one shows that 
laser scattering on nonstationary density fluctuations reduces the beam spatial and 
temporal coherences after propagation of a few speckle lengths. Three dimensional 
numerical simulations using the interaction code PARAX show how this laser beam 
multiple scattering initiates FSBS, leading to the spatiotemporal smoothing of the 
transmitted light. This paper presents the main analytical results obtained using the 
statistical model and a comparison to numerical simulations with a paraxial code. We 
show that using low intensity lasers smoothed by only random phase plates enables to 
avoid deleterious effects of filamentation, as important angular spreading of the 
transmitted light, and to obtain in the same time an efficient temporal smoothing. 
Moreover, such smoothing can be achieved in low density plasmas where energy losses 
due to backscattering and absorption are not too important. 
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Laser-Plasma Interactions in 2010 Ignition Targets* 

F-04

D. E. Hinkel, E. A. Williams, C. H. Still, R. L. Berger, B. I. Cohen, L. Divol. and A. B.

Langdon 

Lmvrence Livermore National Laboratory 

Livermore. CA, USA 94550 

Targets planned for the 20 IO campaign at the National Ignition Facility (NIF) are 
currently undergoing re-designs so that they not only provide good symmetry, but also 
hold hope for benign laser-plasma interactions. These targets hold a capsule with a 

beryllium ablator, are filled with He at 1.3 mg/cc, have "'cocktail" walls composed of 

50% gold/50% uranium with a 0.2 µm gold liner, and have a 25 µm CH liner around the 

laser entrance hole (LEH). Designs both without (S. M. Pollaine, LLNL) and with (D. A. 
Callahan, LLNL) a shine shield are under consideration for the 20 IO ignition campaign. 
Gain exponents for Brillouin and Raman backscatter have been reduced to ~ 20 or less in 
these new designs. Simulations of beam scatter and propagation have been performed 

using pF3D. Gain exponents, beam spray, and reflectivity as a function of beam 
conditioning will be presented for these new designs. 

*Work performed under the auspices of the U.S. Department of Energy by the University of

California Lawrence

Livermore National Laboratory under Contract No. W-7405-ENG-48.










