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Deviations from the universal power law decay of harmonic 

spectra in ultra-relativistic laser-plasma interactions 
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2Instituto Nacional de Investigaciones Nucleares, A.P. 18-1027, Mexico 11801, D.F., Mexico 

The influence of plasma effects on high harmonic spectra resulting from ultrarelativistic laser pulse interactions 
with over-dense plasma targets has been investigated by means of theoretical models supported by particle-in-
cell (PIC) simulations. A potentially important effect of plasma waves driven by Brunei electrons is the weaken-
ing of the so-called universal m~8'3 decay in the power emitted by high harmonics to spectra in which the decay 
index p = 8/3 is replaced by p = 5/3 or, less commonly, p = 4/3. The deviation from the universal spectrum is 
interpreted as a consequence of the extent to which emission at the plasma frequency and its harmonics con-
tribute to the spectrum. With strong plasma emission P(to) ~ to 5'3, top < a> < <oc = (yb

2/7t) (\L/D), where yb is the 
relativistic factor of the re-entrant Brunei electron beam driving the Langmuir waves and D is the scale length 
of the localised electrostatic structures described by the Zakharov model of turbulence. All three signatures of 
this spectrum, namely plasma emission at to and its harmonics, spectral decay with p = 5/3 and a cut-off in a 
range typically 100 < mc < 300 are consistent with our PIC spectra. 
A study of the electron dynamics during the laser-plasma interaction established a strong correlation between 
the reflected laser pulse and plasma effects. In particular, the sources of intense attosecond pulses were found 
to originate within the plasma at sites of high electron density bunching from which there is a correspondingly 
strong generation of highly localised electrostatic fields. A scaling law has been found for the peak electric field 
of the attosecond pulse. 

Tu-1. 
The National Ignition Facility: 

the path to ignition and inertial fusion energy 
Erik Storm 

Lawrence Livermore National Laboratory, 7000 East Avenue, Livermore, CA 94450 

The National Ignition Facility (NIF), the worlds largest and most energetic laser system built for studying 
inertial confinement fusion (ICF) and high-energy-density (HED) science, is now operational at Lawrence 
Livermore National Laboratory (LLNL). NIF's 192 beams are capable of producing 1.8 MJ and 500 TW of 
ultraviolet light and are configured to create pressures as high as 100 GB, matter temperatures approaching 109 

and densities over 1000 g/cmm3. With these capabilities, the NIF will enable exploring scientific problems in 
strategic defense, basic science and fusion energy. One of the early NIF campaigns is focusing on demonstrating 
laboratory-scale thermonuclear ignition and burn to produce net fusion energy gains of 10-20 with 1.2 to 1.4 
MJ of 0.35 |im light. NIF ignition experiments began late in FY2009 as part of the National Ignition Campaign 
(NIC). Participants of NIC include LLNL, General Atomics, Los Alamos National Laboratory, Sandia National 
Laboratory, and the University of Rochester Laboratory for Energetics (LLE) as well as a variety of national and 
international collaborators. 
The results from these initial experiments show great promise for the relatively near-term achievement 
of ignition. Capsule implosion experiments at energies up to 1.2 MJ have demonstrated laser energetics, 
radiation temperatures, and symmetry control that scale to ignition conditions. Of particular importance is 
the demonstration of peak hohlraum temperatures near 300 eV with low overall backscatter less than 10%. 
Cryogenic target capability and additional diagnostics are being installed in preparation for layered target 
deuterium-tritium implosions to be conducted later in 2010. The goal for NIC is to demonstrate a predictable 
fusion experimental platform by the end of 2012. Successful demonstration of ignition and net energy gain on 
NIF will be a major step towards demonstrating the feasibility of Inertial Fusion Energy (IFE) and will focus 
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the world s attention on the possibility of IFE as a virtually inexhaustible, carbon free, energy option. This talk 
will summarize the capabilities of NIF, discuss NIF ignition, NIF's experimental program in HED science and 
the potential for laser-based fusion energy. 
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Inertial Confinement Fusion relies on the compression of small amounts of an equimolar mix of Deuterium 
and Tritium (DT) up to volumic masses of several hundreds of g/cm3. Such high densities are obtained by 
means of the implosion of a spherical shell made of cryogenic DT fuel. In the conventional scheme a hot spot 
is formed in the central part of the pellet at the end of the implosion. If the pressure of this hot spot is large 
enough (several hundreds of Gbars), thermonuclear heating occurs with a characteristic time shorter than the 
hydrodynamic confinement time and the target self ignites. Since the central hot spot pressure results from 
the conversion of the shell kinetic energy into thermal energy, the threshold for the ignition of a given mass of 
DT is a direct function of the implosion velocity. Typical implosion velocities for central self ignition are of the 
order of 400 km/s. Such high velocities imply both a strong acceleration of the shell and the use of large aspect 
ratio shells in order to optimize the hydrodynamic efficiency of the implosion, at least in direct drive. These two 
features strongly enhance the risk of shell beak up at time of acceleration under the Rayleigh-Taylor instability. 
Furthermore the formation of the hot spot may itself be unstable, this reducing its effective mass. 
High compressions may be achieved at much lower velocities, thus reducing the energy budget and enhancing 
the implosion safety, but the corresponding fuel assembly requires an additional heating in order to reach 
ignition. This heating maybe obtained from a 70-100 k j laser pulse, delivered in 10-15 ps (Fast Ignition). An 
alternative idea is to boost up the central pressure of a target imploded at a sub-ignition velocity by means of 
a convergent strong shock launched at the end of the compression phase. This Shock Ignition (SI) concept 
has been suggested in 1983 by Scherbakov et al. [1]. More recently, R. Betti et al [2] developed the theoretical 
approach of SI, and Lafon et al [3] established its gain curves using an extension of the Rosen Lindl model. 
The efficiency of shock ignition comes from the fact that, unlike conventional central ignition, the final 
fuel assembly is not isobaric, i.e., the low density hot spot pressure significantly exceeds the pressure of the 
surrounding cold dense fuel. This high hot spot pressure is obtained from two pressure amplification stages : 
the first amplification mechanism is spherical convergence. A converging shock increases its strength as C09 

where C is the shock convergence ratio. A second amplification stage occurs when the ignition shock collides 
with the outward directed shock that results from the shell stagnation at target centre. Under optimal matching 
conditions, shock collision produces a x 6 amplification of pressure. 
We discuss in the presentation the conditions for the obtention of optimal pressure amplification, at first 
by studying the ignition window in the space spanned by laser power and launching time, and secondly by 
modelling the relation ship between the laser intensity required for shock production and the implosion 
velocity. This latter study indicates a sensible safety trade off using a 250 km/s implosion velocity and a laser 
spike of ~5xl015 W/cm2 for the shock production. 
First kinetic calculations [4] and implosion experiments [5] indicate that laser plasma interaction in the regime 
of shock ignition may remain under control, provided that the SRS generated hot electrons energy stay below 80 
keV. Shock Ignition has been proposed as the baseline of the HiPER [6] project and shock ignition experiments 
have been proposed on the National Ignition Facility with gains expected between 60 and 100 at laser energies 
below 500 kj. 
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