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Shock ignition (SI) is an alternative approach to direct-drive inertial confinement fusion based on the separation of the compres-
sion and the ignition phases.!2 The high laser intensity required in the ignition phase exceeds the thresholds for the generation of
laser—plasma instabilities,? generating a large amount of suprathermal electrons. Depending on their characteristics these electrons
could preheat the hot spot with detrimental effects for the SI scheme, or assist in generating a strong shock.*

Here we report on a planar target experiment conducted on the OMEGA EP Laser System aimed at characterizing the hot-
electron source and the shock dynamics using laser parameters relevant for SI. A UV (A = 351-nm) laser beam was tightly focused
on planar multilayer targets, providing a nominal vacuum laser intensity of ~10'© W/cm? with a pulse duration of ~1 ns. The
laser energy delivered was ~1250 J. The planar targets consisted of 500-gm-diam disks with two layers (175 or 250 ym of CH,
or 20 or 10 ym of Cu). These were mounted on a 50-um-thick CH slab intended to inhibit hot-electron recirculation. The UV
interaction laser impinged on the front of the CH ablator, generating a strong shock and large amounts of hot electrons. The shock
propagation was monitored using x-ray time-resolved radiographs; the x-ray source was created by focusing a second laser beam
(@ x 10 W/ecm?, 3-ns pulse duration) on a V foil. This scheme allows production of copious amounts of V K, x rays that pass
through the target; the x rays are then detected by a four-strip x-ray framing camera (XRFC).? The camera was equipped with a
4 x 4 array of 20-um-diam pinholes, capturing 16, 2-D images of the shock front at different times with 6x magnification (Fig. 1).

Hot electrons were characterized using separate x-ray spectrometers. The hot-electron—produced bremsstrahlung radiation was
diagnosed by two time-integrating hard x-ray spectrometers (BMXS’s).® The instruments are composed of a stack of 15 imag-
ing plates alternated by filters of different metals. The total yield of Cu K, was measured by an absolutely calibrated zinc von
Hamos x-ray spectrometer (ZnVH).”

The post-processing of the spectrometers relies on cold Monte Carlo methods [Geant4 (Ref. 8)] in which the electron transport
and the x-ray generation on the diagnostics are simulated. In particular, electrons are assumed to be energetically described by

a 2-D Maxwellian function:

Ne
ﬁ:(E) = Th67E/Th'
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Figure 1
Array of 2-D radiographs captured at various times by the XRFC
for shot 28407. Line spacing between each image is 50 ps.
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The parameters N, and T}, that reproduce both the experimental bremsstahlung spectrum and the K, signal detected by the
BMXS’s and the ZnVH are calculated. A large uncertainty on the values of N, and T}, arises because of the disagreement among
the results from different shots and because of the systematic disagreement between the two diagnostics. A disagreement of ~25%
is also noted in the simulations of the K, signal using two different libraries of Geant4.>10 As such, T}, ranges from 20 keV up
to 50 keV and N, from 4 x 1016 down to 5 x 1015, It is therefore necessary to consider the hydrodynamic evolution of the target
to reduce these large ambiguities. In particular, we considered three representative hot-electron distribution functions to use as
input in the hydrodynamic simulations to determine which combination of laser to hot-electron energy conversion efficiency 77
and average temperature 7}, better reproduces the experimental behavior observed in the radiographs. The three representative
Jo(E) are reported in Table I.

Table I: Parameters of Maxwellian functions f,(E) obtained from post-processing the BMXS and
ZnVH diagnostic data for shot 28407, used as input in CHIC.

J(E)
T}, (keV) N, (106) 1 (%)
f(E) 26 3.4 11
for(E) 35 1.4 6
Je3(E) 45 0.5 3

The radiation-hydrodynamic simulations were performed with the code CHIC,! in which a model of hot-electron transport is
included.'? The shock position and the copper plate expansion are the figures of merit used to characterize the hot-electron source.
Different intensities and kinetic energies of the hot-electron beam will strongly affect the variation in time of these two quantities.
The simulations showed that an electron beam described by f,(E) and f,(E) allows reproduction of the experimental behavior.

According to the simulations hot electrons with these characteristic values of 7 and T}, increase the shock pressure up to
150 Mbar, 25 Mbar more than the value predicted by simulations without the hot-electron beam included. The effects of such
an electron distribution function on a typical SI imploded target'> were evaluated using a simple ideal-gas equation-of-state
model. An increase of the shell adiabat was calculated using the high conversion efficiency found in the experiment, which could
represent an issue for the SI scheme.
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