Alessio Morace,

Resume of the experimental results obtained in the Lawrence Livermore National Laboratory campaign on fast electron generation and transport in cone targets for fast ignition. 

I Introduction

In the Fast Ignition (FI) approach to Inertial Confinement Fusion  (ICF) the compressed Deuterium Tritium fuel ignition is expected to be triggered by a fast electron beam generated by a ultra-high intensity laser pulse. To avoid the direct interaction of the beam with the plasma corona, a cone shaped target has been proposed. The cone should provide a clear propagation channel for the UHI pulse and, at the same time, generate the fast electron beam in a region very close to the DT capsule compressed core. Unless the great research effort triggered by this new ignition conception, many physical aspects still need to be investigated. The characteristics of the fast electron source, generated in high intensity laser interactions with the cone tip materials and the transport properties through the cone tip and the surrounding plasma medium.

In this experiment, we concentrated on the study of fast electron generation and transport cone attached and buried cone targets. The main goal is to characterize the fast electron divergence and penetration depth in plane and cone targets.  This experiment represents the first part of a larger experimental campaign aimed at extend this study for high contrast laser condition obtained doubling the frequency. The second experiment will be performed in late 2010. The second part of the experiment will be conducted using the same targets, doubling the laser frequency.

The experiment has been conducted at Lawrence Livermore National Laboratory, on Titan laser facility. Titan laser system is composed by two beams: a short pulse, petawatt class laser, delivers 150 J , 1053 nm, on target in 700fs pulse duration. A long pulse, 3ns long beam, that delivers 300 J in the second harmonic, 527 nm. Only the short pulse beam has been used in this experiment. 

II a Experimental setup

Several diagnostics have been used in this experiment. Two K( imagers for Cu K( emission to get the yield and spatial distribution for the K( emission, positioned. Cannons to measure the hard x-ray bremmstrahlung produced by the fast electrons in matter. KB microscope, that allows a two-dimensional spatially resolved imaging of the x-ray source , integrating the signal over a wide window of energies form 1 to 9 KeV, the KB microscope is looking at the target rear side. HOPG spectrometers looking at the target rear and side on, to get information on the Cu K( yield, the HOPG are aligned correspondingly to the two K( imagers. Finally electron spectrometer has been used to measure the energy of fast electrons escaping the target. 

To align the cone target, an imaging system able to image the tip of the cone have been used.  The image of the tip is back-reflected using a pellicle mounted on a movable stage. The image is captured by a lens and transported outside the chamber by a serie of mirrors and imaged on a 8 bit CCD camera.
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Fig.1 Schematic of the experimental setup.
In this experience I focused my on the crystal imagers. These crystals are quartz 2131, with 3.082 Å 2d  interatomic spacing that reflect the Cu K( 8048 eV  line at 88.7° Bragg angle. The crystals are spherically bent with curvature radius of, respectively, 50 cm for the one looking at the target rear and 38 cm for the one looking at the target side. The correspondent imaging magnifications are respectively 6 and 8.

The crystals focal plane has an angle with respect to the chamber equatorial plane of 40°.

II b  Targets

Several kind of flat and cone targets have been used, as shown in fig. 3. Common characteristic of the targets is the Cu tracer layer. In the case of planar foil, these are constituted by multilayer target Al/Cu/Al/CH, with the laser focusing on the first Al layer, which is of variable thicknesses: 10, 100 and 200 (m. The Cu thickness was 25 (m and the second Al layer was 20 (m thick. Finally, a very thick (1mm) CH layer was used to prevent the fast elecron refluxing that can affect the K( measurements. The buried cone targets where contitued by a buried Al cone and subsequently the same multilayer structure as the flat one, in order to compare the results.

Finally side on foils with and without buried cone on the front where used.

These where multilayer targets in which the laser was focused on the embedded Cu layer. Data from these targets are used to get information on the fast electron divergence.
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Fig.2: Schematic of the targets. Left, multilayer targets, with variable Cu foil depth. Center: buried cone target with variable fluor  layer depth. Right: side on plane target and side on buried cone target, with the fluor layer in the center.


III Preliminary experimental results.
Prelinary analysis of the K( images shows different behaviour  for flat and cone targets.

Particularly interesting  is the measurement of the Ka spot size using the back-side crystal imager. The  spot size for flat targets as function of the Al overcoating thickness shows a fast electron spreding angle of  54°, in agreement with previous measurements.

With  buried cone targets, instead, the result is larger. This is probably due to the difficult  cone target alignment procedure. Improving the technique, indeed, the divergence reduced dramatically, converging to the flat target value. 
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Fig. 3. K( spot size as function of the Al overcoating thickness for plane targets (red) and buried cone targets (blue). The cone target data closer to the plane are the most credible, being the pointing system improve during the experiment. 

Concerning the transverse targets, we had evidence of a certain “beaming” (Fig. 4) effect of the fast electrons as shown in the next figure. Analysis is still undergoing in order tot try to estimate the angular dependence of the fast electron energy distribution function.
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Fig. 4. Buried cone with side on target showing a fast electron beaming effect. Data are still under analysis. 

More detailed data analysis will be performed in the next months, including other diagnostics data, at the moment non available. I only had access to my diagnostic data and the full data DVD will be sent to Milan university soon. 

IV Perspectives

The same experiment conducted at 2 will provide more insights on the pre-plasma influence on cone attached tragtes. Moreover other experiment are expected to be performed in order to better understand the angular distribution of the fast electron beam in cone and flat targets, using side on targets and designing new targets to better verify the fast electron divergence.
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