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Study of Fast electron transport in Warm Dense Matter

Introduction

In the fast ignition scheme for inertial confinement fusion (ICF), an energetic electron current, produced by an ultra-intense laser, heats a highly compressed DT plasma core up to thermonuclear temperatures (>10 keV). The fast electrons must transport a few 10s kJ of energy from their source at the critical surface over a few 100 µm of overdense plasma, till the compressed fuel. In order to understand the mechanisms of the electron transport in dense matter some experiments have been successfully carried out in solid and cold targets. However, for those experiments, the initial conditions are far from those expected in a fast ignition target, and fast electrons propagation will probably have a different behavior in such conditions.

Performed experiment

We  produced counter-propagative compressing planar shock and electron flux. This geometry has the advantage of assuring a wide plasma homogeneity around the fast electron propagation axis, compared to cylindrical compression, where the high density regions do not exceed a few tens of microns in radius This radial homogeneity, obtained producing a planar shock with a rather big focal spot of a ns-scale pulse beam, is crucial in our proposal in order to characterize the fast electron stopping power against depth in the compressed matter. Due to the 1D geometry, the compression does not change the target surfacic mass, r (as seen by the fast electron stream), so neither the collisional stopping power integrated over the target thickness. The proposed configuration is basically adapted to identify compression-induced changes due to collective mechanisms.

We  used multilayer-foil targets, with an aluminum “propagation layer” of variable thickness (10, 20, 40, 60 and 80µm) and several fluorescent layers to monitor the fast electron generation and transport (type A targets: see Figure 3). To avoid lateral confinement of the electrons, these foil targets have ~ 5 mm transverse dimensions. To avoid the fast electrons refluxing at the targets, we produced a “get lost” layer focusing the ns beam on the rear side with a very reduced delay, to avoid WDM production inside the target. A schematic of the targets is represented in Fig. 1
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Fig.1 : Schematic of the multilayer targets used in the experiment.

Experimental setup:

A wide number of x-ray diagnostics have been used to study the fast electron transport in the target:

  -   Streaked-optical-pyrometry (SOP) to time the shock time-of-flight across the different targets and   choose the appropriate SP/LP delay to inject the fast electrons. (a S20 streak can be brought from CELIA)

· 2D Cu-K imaging with a spherical quartz crystal: This will allow the shape of the fast electron beam to be diagnosed at different target thicknesses, in particular to estimate the fast electron beam divergence. The variation of the integrated emission yields against depth of the Cu tracer will allow to measure the fast electrons penetration range and estimate their temperature. Two such systems can be used to simultaneously image the targets transversally and the rear side (a crystal and associated goniometers can be brought from CELIA, other system can be brought by the team from Milan) 

· Double channel HOPG spectrometer: one channel for Cu-K shell emission and the other for Sn and Ag K-shell emission

· Cauchois-type hard X-rays spectrometer using a transmission curved quartz crystal and recording spectrum from 17 up to 100 keV. This range includes the K and K fluorescence lines from Sn and Ag, which are respectively used as tracers of the fast electron propagation near the source (target front side) and at the rear side of target. In these elements, the cross section for K-shell ionisation is maximum for electron energies around 80 keV, which are more representative of the energies interesting for fast ignition than the electron energies of ~ 25 keV for which the cross section of the Cu-K shell emission is maximum. It will be used with two detectors, one on the Rowland circle and one at a larger distance. On this more distant position, the line width is influenced by the source size, therefore comparing spectra obtained on and off-Rowland circle will be used to deduce the X-ray source size in the Sn and Ag emitters. 
· bremsstrahlung produced by the fast electrons crossing the target and as a way to estimate the fast electrons energy distribution.)
A schematic of the experimental setup is shown in Fig.2.
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Fig.2: schematic of the experimental setup

Experimental results

Some of the experimental results are still under analysis by other group members, however the diagnostic of my responsibility, the K-alpha imager, has been already fully analyzed. The results for type-A targets show a strong dependence of the Cu K-alpha  yield from the compression, while the spot size remains in average unchanged. The difference in K-alpha yield, as already mentioned above,can be related to collective effects, specifically the change in resistivity in the medium that leads to a lower K-alpha yield.

The K-alpha emission has indeed to be considered as a particle counter, the increase in resistivity avoids relatively low energy electrons (E < 1 MeV) to reach the tracer layer, while the higher energy electrons will still reach it.
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Fig.3  K-alpha spot size from K-alpha imager diagnostic, The Al thickness in the compressed case has been reduced by 50%, accounting for the Al transport layer compression
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Fig. 4: Cu K-alpha yield from the  K-alpha imager, appears clear the difference between shocked and un-shocked case .

Hybrid simulations are going to be performed using the Hybrid code Lsp. At the moment, Hydrodynamic simulations are performed to obtain the density and temperature profiles for the plasma.
















































































































