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High Density and High pR Fuel Assembly for

Fast Ignition Inertial Confinement Fusion

R. Betti and C. Zhou

Fusion Science Center for Extreme States of Matter and Fast Ignition Physics
Laboratory for Laser Energetics, University of Rochester
250 East River Road, Rochester, NY 14623-1299, U.SA.

A method to assemble thermonuclear fuel at high densities, high pR and low
temperature is presented. Massive cryogenic shells can be imploded with a low implosion
velocity on a low adiabat using the relaxation laser-pulse technique.! While the low implosion
velocity yields a low temperature hot spot, the low adiabat of the fuel leads to large peak
values of the density and areal density. The low velocity and the shaped adiabat' have also
mitigating effects on the growth of hydrodynamic instabilities that should not significantly
impact the fuel assembly of such massive shells. One dimensional simulations show that a
25KkJ driver can assemble a 0.07mg, 860um in diameter, cryogenic wetted-foam shell with a
low implosion velocity of about 2.5¢10’cm/s reaching peak pR of 0.7-0.9g/cm?, peak densities
of 700-950g/cc and relatively low central temperatures of about 3keV. The hot spot volume at
time of peak pR is only 20% of the high density volume above 300g/cc. This cold and dense
fuel assembly is optimal for Fast Ignition” inertial confinement fusion.

This work was supported by the U.S. Department of Energy Office of Fusion Energy
Sciences Cooperative Agreement No. DE-FC02-04ER54789.

1. K. Anderson and R. Betti, Phys. Plasmas 11, 5 (2004)

2. M. Tabak et al., Phys. Plasmas 1, 1626 (1994).
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Observation of 1on Temperatures Exceeding Electron Temperatures in
PetaWatt L aser-Solid Experiments
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M.Tatarakis®, M.Tampo’, N.Vakakis’, M.S.Wei” and M.Zepf *
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4. Department of Pure and Applied Physics, Queens University of Belfast, Belfast BT7 1NN,
United Kingdom

5. Institute of Laser Engineering, Osaka University, Osaka 565, Japan

6. Ingtitute of Matter Sructure and Laser Physics, Technical University of Crete, 73100
Chania, Crete, Greece

7. Laboratory of Laser Energetics, University of Rochester, 251 East River Road, Rochester
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8. Technological Educational Institute of Crete, Laboratory of Optoelectronics, Lasers and
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Neutron time of flight signals have been observed with a high resolution neutron spectrometer
using the PetaWatt arm of the Vulcan laser facility at Rutherford Appleton Laboratory from
plastic sandwich targets containing a deuterated layer. The neutron spectra have two elements:
a high-energy component generated by beam-fusion reactions and a component around 2.45
MeV, most likely to be thermonuclear in origin. The ion temperatures calculated from the
neutron signal width clearly demonstrate a dependence on the front layer thickness and are
significantly higher than electron temperatures measured under similar conditions. The ion
heating process is intensity dependent and is not observed with laser intensities on target
below 10°° W cm™. Tt is shown that process is also strongly dependent upon the intensity pre-
pulse level. The measurements are consistent with a coupled two-step plasma instability
process that cascades the laser energy directly to the ions. The implications for fast ignition

will be discussed.
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Application of laser-accelerated high-energy protons for isochoric

heating of matter

P. Anticil’z, J. Fuchsl, P. Audebertl, A. Benuzzil, E. Brambrinkl, M. Espositol, M.

Koenig', A. Ravasio', I. Schreiber’®

"Laboratoire pour I’Utilisation des Lasers Intenses, UMR 7605 CNRS-CEA-Ecole
Polytechnique-Univ. Paris VI, 91128 Palaiseau, France
? Dipartimento di Energetica, Universita di Roma « La Sapienza », Via Scarpa 14-16,

00165 Roma, Italy

 Max-Planck-Institut fiir Quantenoptik, Garching, Germany

We have evaluated the interest of using laser-accelerated protons to heat matter
isochorically and compared it to heating by fast electrons. The experiment was
performed using the two intense short pulses of the LULI 100 TW facility with 15-
20 J energy and > 10719 W.cm”-2 intensity each. One beam, focused on a 10 micron
thick Au foil, generated forward a laminar proton beam with a maximum energy of
16 MeV. This proton beam irradiated and heated a secondary target positioned after
a vacuum gap. The heating was diagnosed in three different ways: (i) by 1D and 2D
time-resolved measurement of the optical self-emission of the heated target rear-
surface, (i1) by time-resolved interferometry of a chirped probe beam reflecting on
the heated target rear-surface, (iii) by x-ray absorption spectroscopy of the
secondary target using a laser-produced backlighter. Detailed results as a function of
the Z and the thickness of the secondary target as well as analysis, including a full
modeling of the target heating with a hydro-code (MULTI) coupled to a proton
energy deposition code, will be presented. We have also studied the efficiency of
heating as a function of the primary target topology, i.e. either flat, which results in
a diverging proton beam, or curved, which has the ability of focusing partly the

proton beam.
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Charge dynamics and proton acceleration in ultrashort laser-solid interactions

M.Borghesi', L.Romagnani', J.Fuchs*’, P.Antici’, P.Audebert’, E. Brambrink?,
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G.Pretzler®, A.Schiavi’, T.Toncian®, O.Willi®

" Department of Pure and Applied Physics, The Queen’s University of Belfast , Belfast
BT7
INN, United Kingdom
’Laboratoire pour I’ Utilisation des Lasers Intenses, UMR 7605 CNRS-CEA-Ecole
Polytechnique-Université Paris VI, 91128 Palaiseau (France)
3Physics Department, MS-220, University of Nevada, Reno, Nevada 89557 (USA)
*INFM and Dipartimento di Fisica, Universita' degli Studi di Pisa, Largo Pontecorvo 2,
56127 Pisa, Italy
>Centre de Physique Theorique, UMR 7644 CNRS, Ecole Polytechnique, 91128
Palaiseau, France
SInstitut fiir Laser- und Plasmaphysik, Heinrich-Heine-Universitaat, Universitatsstr. 1
40225 Dusseldorf, Germany
"Dipartimento di Energetica, Universita’ di Roma “La Sapienza”, Via A. Scarpa, 14
00161 Roma, Italy

A series of recent experiments carried out at the Rutherford Appleton Laboratory (RAL)
and at the LULI laboratory have investigated the e.m. fields generated by the flow of
energetic electrons driven by the laser pulse in solid target interactions, at intensities in
the range 10 ' W/cm?. Deatiled information on global target charge-up and on
impulsive fields at the rear surface leading to the acceleration of multi-MeV ion beams
has been obtained by using proton probing diagnostics. The evolution of the electric field
during the subsequent beam expansion has been resolved with ps temporal resolution,
revealing the presence of a peak at the ion front, followed by a constant field. Particle
probing from different lines of sight allowed the reconstruction of the 3-dimensional
structure of the electric and magnetic fields present near the target surface. The
dependence of the field structure on target material and thickness, and the effect of target
geometry (wires, cylindrical targets) on the ion front evolution have also been studied.
The experimental data are compared with Particle in Cell and Lagrangian simulations, by
using 3-D particle tracers to reconstruct the probe particle deflections in field
configurations derived from the codes. Good agreement has been obtained between
theoretical predictions and experimental findings, particularly for what concerns field
structure, front evolution and final ion energy.
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Direct Diagnostic of Multi-Temperature Fast Electrons Beams on UHI

Laser-Solid Interactions by Optical Transition Radiation Diagnostics

J.J. Santos'#, M. Manclossi', A. Guemnie-Tafo', J. Faure', Y. Glinec',
V. Malka', F. Burgy', D. Douillet', T. Lefrou', B. Mercier', J.-P. Rousseau’,

D. Batani?, F. Canova?, F. Padoan?, F. Strati’, T. Hosokai’

" Laboratoire d’Optique Appliquée, ENSTA - Ecole Polytechnique, Palaiseau, France
? Dipartimento di Fisica “G. Ochialini”, Universita di Milano-Bicocca, Milan, Italy

 Nuclear Engineering Research Laboratory, Tokyo University, Japan

Within the context of fast electron transport in dense matter, we report on results from high
repetition rate-type ultra-intense laser (up to 9 10" W/cm?) interaction with Aluminium foil
targets. In such extreme interaction conditions, an intense and collimated supra-thermal
electron current is injected from the plasma created on the laser focal spot into the cold
interior of the target. A detailed characterisation of the accelerated hot electrons is
fundamental for the global understanding of the highly complex physics involved in its
generation and transport through dense matter, ruled by both collisions and self-induced field
effects, and of crucial importance for several applications like the laser-produced proton and

heavy ion beam sources and the inertial fusion fast ignitor.

The geometry and dynamics of the fast electron propagation in the conducting targets has
been directly investigated by means of the Optical Transition Radiation (OTR) emitted when
the fast electrons cross the target-into-vacuum boundary. We estimate a fast-electron
population with a temperature of 1 MeV and a total kinetic energy of about 50% of the on-
target laser energy. A simultaneous coherent and incoherent character of the emitted radiation
allowed to conclude on both the micro-bunching and the small radial spreading of the
relativistic electron flux through solid targets with up to 200 xm thicknesses. A highly
relativistic component on the electron distribution is pointed out. We discuss on if it
corresponds to a higher temperature (between 5 and 10 MeV) or just to the tail of the 1 MeV
bulk population. The OTR-based diagnostics reveal to be the only capable to characterize in

detail the form of the electron distribution at high energies.

" Present address: CELIA, Université de Bordeaux 1, Talence, France
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Experiment vs. Theory on Electric Inhibition of Fast Electron
Penetration of Targets

R.R.Freeman'?, K.Akliz, D.Batani3, S.Bat0n4, S.Hatchett’,. D.Heyz, M.Keys, J .Kingz,
A.MacKinnon’, P.Norreysé, R.Snavely5 , R.Stephens7, C.Stockel®, R.Townes’,
B.Zhang’

The Ohio State University, Columbus, OH, USA
University of California-Davis, Davis, CA USA
3Dipartimento di Fisica "G.Occhialini"Universita' di Milano Bicocca,
Milano, Italy
“LULL, Ecole Polytechnique, Palaiseau, France
>The University of Califoria, LLNL, Livermore, CA USA
®Rutherford Appleton Laboratore Didcot, Oxfordshire, UK
'General Atomics, San Diego, CA USA
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There has been considerable discussion of stopping mechanisms of laser generated
fast electrons in materials. Of special note is the effect of electric fields under the
conditions in which the density of the fast electrons is far less than the density of the
background electrons, but the material has a finite resistivity. Under such conditions,
the fast electron penetration is expected to be a function of not only the mean energy
of the laser generated electron distribution, but of their relative density to background
electrons, as well as the magnitude and temperature dependence of the material
resistivity. In this paper we present new experitanesults of perteation images of
fast electrons in normal density matds using a high resolution crystal imaging
system transverse to the electron flo@ur results show sking images that provide
obvious evidence of the electimhibition, as well as the taral spreading of the fast
electrons By analyzing the images, and correcting for aberrations and distortions
introduced in the imaging system, we are able to extract the penetration depth of the
electrons into the material, and an excellent measure of the transverse spreading of the
electron beam as a function of its penetration depth. We compare the observed
penetration depth to stopping models built upon electrostatic potential development
due to the return current interaction with the material resistivity. We find good
agreement between theories based upon this physical concept and our experiments
results. and we relate the conclusions derived from these measurements and
calculations to various fast fusion schemes. One conclusion we have reached is that
that all measurements of fast electron penetration in materials with normal densities,
and temperatures less than approximately a 1 keV, will be overwhelmingly dominated
by electric field inhibition. This is because ALL materials increase their resistivity
with increasing temperature until they reach a temperature on the order of 1 keV.
Only for temperatures greater than 1 keV do materials enter the so-called “Spitzer”
regime, where increasing temperatures result in decreasing resistance (the condition
required for high conductivity channels with little or no electric inhibition). Until
facilities are available to conduct charge transport measurements on materials heated
to temperatures greater than 1 keV, it may be feasible to use lower temperature targets
shock-compressed to higher densities, with decreased resistivity, thus providing the
opportunity to explore the development of high conductivity channels.
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