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1) Purpose of the visit
The research objectives of this proposal, concerns the study of high-intensity laser-matter interaction, laser shock propagation in complex structured targets, and a target material compression. During the visit we were going to realize some simulations on a base MULTI hydrocode (which realizes multi group method of radiation transport coupled with Lagrangian hydrodynamics based on a fully implicit numerical scheme; material properties like EOS, Planck and Rosseland opacities are used in a tabular form and are generated externally) and to optimize some experimental parameters. 
There was intended a team work with French and foreign colleagues, which included and the development of experimental data both the work with computer simulations.

2) Description of the work carried out during the visit
During the visit we had concentrated on 2 objects: (i) the realization of extreme off-Hugoniot states of matter in laser-driven shock experiments on a based on the application of impedance mismatch effect in sandwich targets; this work was finished and prepared for publication, and (ii) laser-induced shock smoothing with the application of foam prebase; this work was started.
Below we present a breaf ddescription of the first object.
The investigation of matter under extreme pressure conditions is a subject of great interest in several branches of physics including studies of equation of state (EOS), phase transformations, laboratory simulation of high energy density astrophysical phenomena, inertial confinement fusion, material science, etc. [1-6]. The current state-of-the-art condensed matter models based on density functional theories, employing generalized gradient approximation for exchange and correlation potentials, have demonstrated their capabilities to predict phase transitions that, in turn, have been confirmed by experiments [7]. It is also known that different variants of Thomas–Fermi–Dirac theory can be used to predict EOS data beyond 100 Mbar pressures. [8] However, the region of pressures from 10 to 100 Mbar is still not well understood. This is mainly due to lack of sufficient experimental data in this region. Theoretical simulations in this region have also been extremely difficult because of the complications arising from pressure and thermal ionization effects strongly controlled by atomic shell structure effects, which affect many physical properties along the shock Hugoniots. 
In the laboratory, pressure higher than few tens and even hundreds of Mbars have been generated by high-power pulsed lasers [9]. On the other hand, one general limitation of shock-waves is that only data on the Hugoniot curve of the material can be obtained. To overcome this limitation, it is possible to change the initial conditions, for example to use porous targets with reduced density [13]. However, in this case for the same temperature we obtain lower pressures than along the normal density Hugoniot curve. In many cases it is interesting to realize conditions which are closer to adiabatic compression, i.e. to obtain higher pressures with lower temperatures. In this paper we show that this is possible by the application of the impedance mismatch effect [14-17] considering 3-layers target, where a low shock impendence material is sandwiched between two high shock impendence layers. 
We show that multiple reverberations allow to  obtain a lower temperature and higher density with respect to states along Hugoniot curve. In our simulations we considered an Al layer between two Au layers. Al off-Hugoniot states at P=12-14 Mbar were obtained and maintained for a few hundreds ps. 
In the prepared for publication paper we present simulations of pressure enhancement in 3-layered target gold-aluminium-gold, irradiated by a pulsed Nd:Glass (1.064 microns) laser. To reduce 2D effects, the focal spot radius was chosen to be 250 m (super-Gaussian profile, 150 microns flat-top), much larger than target thickness. This configuration permits us to use a 1D approximation at least for the qualitative analysis. 2D simulations with realistic target and laser pulse parameters were also performed to estimate the adequacy of this approach (that is enough for the modelling of real 3D space taking into account axial symmetry). 
Multilayered targets were studied using the 2D radiation hydrocode MULTI [18]. This code uses multi group radiation transport coupled with Lagrangian hydrodynamics based on a fully implicit numerical scheme. Material properties like EOS, Planck and Rosseland opacities are used in a tabular form and are generated externally. Laser absorption is calculated by inverse bremsstrahlung [19]. This code has already been successfully used in analyzing and interpreting several experimental results related to laser-produced plasmas and EOS studies (for instance see [20] and [21]). Here we have used the SESAME equation of state and the opacities taken from [21, 22]. 
We have realized a series of simulations using a trapezoidal temporal profile with rise and fall time of 100 ps and a flat top duration of 1000 ps, and intensity in flat-top region of 0.1 PW/cm2. The size of the first target layer of the high-impedance material was large enough so that the shock can achieve a stationary regime. The layer of the low-impedance material is few times smaller to allow obtaining a nearly constant high pressure for a relatively large time (hundreds picoseconds). Targets of 8 microns gold, 1.7microns aluminium, 8 microns gold were simulated. 
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3) Description of the main results obtained

The results of numerical simulations performed using the 2D hydrocode MULTI in 3-layers targets (gold-aluminium-gold) irradiated with laser intensities ~ 0.1 PW/cm2 show the possibility of obtaining off-Hugoniot states of matter with higher pressures with relatively smaller temperatures for a low-impedance material (aluminium in our case) and maintain these conditions during hundreds picoseconds. The proposed method opens the way of obtaining and investigating of experimental PT-conditions out of Hugoniot shock adiabat. 


4) Future collaboration with host institution (if applicable)

There is started new topic of researches, so the fruitful collaboration continues. 
5) Projected publications / articles resulting or to result from the grant (ESF must be acknowledged in publications resulting from the grantee’s work in relation with the grant)
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Now there are also submitted for publication 1 paper for peer-reviewed journal.
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