STUDY OF PLASMA SOURCES USING X-RAY DIAGNOSTICS

Introduction

The goal of the experiment we performed at the IPPLM in Warsaw was first to record different X-ray spectra from various elements and use them as a diagnostics for plasma physics, and second to simultaneously measure ion-emission from laser irradiated targets (in particular, we used an ion collector and an ion analyzer, already implemented at IPPLM).

X-ray spectra allow measuring the electron temperature of the plasma source (at about the critical surface). This is possible using different approaches, like measuring the width of emission lines (Stark broadening), or studying the continuum (bremsstrahlung) emission. 

In the experiment, we also tested another diagnostic, i.e. a crystal for K-alpha imaging. With this diagnostic it's possible to get an image of the laser-plasma source in the X-ray domain. The target material, which we used to test our diagnostics, were Titanium and Copper. 

To perform the experiment we irradiated the targets in vacuum using a Nd:Yag laser system with the following  parameters:

Pulse duration 3-5 ns

Energy (1) < 0.8 J

Energy (2) < 0.6 J

Energy (3 < 0.45 J

Results

We tried to obtained X-ray spectra using the beam at 1 because in this case we had the maximum energy, but we were not able to record any results. The intensity achieved on the target was probably too low for X-Ray generation in the range of interest (from 500 eV to 1500 eV). For the same reason no K-alpha images were collected. 

On the contrary, we could record data using one ion collector and one ion analyzer. We recorded data setting different electric field in ion analyzer to see the different species of ions created by the laser beam, and their energy. From ion collector we recorded a signal, which is a convolution of the contribution of the entire populations of ions. It is possible to deconvolve the signal to understand what kind of ion we have. Both diagnostics allowed to collect a lot of data, which we are still analyzing. 

In particular, it will also be possible to give an evaluation of the electron temperature of the plasma to see whether this justifies the absence of X-Ray spectra in this experiment.

Comments

This was a preliminary experiment in which the Polish group under the guide of Prof. Jerzy Wolowsky and the Italian group under the guide of  Prof. Dimitri Batani worked together and started a scientific collaboration. This preliminary experiment, 

will be repeated, using X-Ray and ion diagnostics simultaneously, with the new 10 TW laser system which has already been installed at IPPLM and is in the final phase of commissioning. 

