Final Report
on SILMI Short Visit by Prof. Dr. Peter Mulser from Theoretical Quantum Electronics, TU  Darmstadt, to Prof. Dr. Dimitri Batani, University Milanao-Bicocca

Purpose of visit
Development of diagnstics to determine the hot electron spectrum in statu nascendi from superintense laser interaction. Research on the physical mechanisms of collisionless absorption and the spectral component of energetic electrons.  

Investigations of electron motion and acceleration in the laser and its own radiation field in the ultra-relativistic intensity regime (> 10^22 W/cm²). 

Schedule of visit, 3 weeks
Sunday, May 8th arrival at Milano Bicocca 

Saturday, May 21st departure from Milano Bicocca

Sunday, May 29th return to Milano Bicocca

Saturday, June 4th departure for Darmstadt

Travelling has been done by privat car.for reasons of time economy.
Lecturing

I have delivered 7 lectures of two hours each on May 10th, 16th, 17th, 20th, 30th, 31st, and June 1st, on
 relativistic plasma dynamics, relativistic kinetic theory, 
electron acceleration in superstrong laser fields, radiation reaction, 
collisionless laser absorption models.
Interested numerous audience; excellent feedback.

Research program with Prof. D. Batani and his research group

With Prof. Batani the possibility of  scanning the spectrum of the fast electrons from overdense targets in statu nascendi has been discussed, i.e., just when they escape from the interaction region of the laser beam. We came to the conclusion that the most promising procedure may be X ray diagnostics (e.g., Kα) with multilayered targets of appropriately selected thicknesses. Traditionally the spectra of the accelerated particles are analyzed at considerable distance from the target. As the particles are not monochromatic in energy their spatial shape undergoes significant changes and strong mixing on the way from their origin to the detectors. As the acceleration process is not well understood, even after more than two decades of research, in statu nascendi experiments are of primordial significance.
Another main subject we discussed was the question what degree of symmetry in the maximum energies from the front and the rear side of the laser irradiated target is to be expected in the so called TNSA process. Up to now there exists only one (nearly) self consistent model of interaction which is due to F. Brunel. According to it a strong asymmetry is predicted. On the other hand this clearly contradicts careful measurements by T. Ceccotti et al. who found a pronounced symmetry. In the course of discussion the question emerged to what degree a possible initial asymmetry will be suppressed in any of the standard diagnostics; they all are of asymptotic character.
The third subject we have analyzed is connected with the investigation of warm dense matter under shock compression. Investigations of this kind have a long tradition in Prof. Batani’s lab. From the Hugoniot adiabat equations of state can be obtained. Thereby the crucial point is the accurate knowledge of the pressure in the shock. The latter is intimately connected with the plasma ablation pressure. Unfortunately, there is a large discrepancy between the standard formulas for it and the related measurements. In more detail this has been analyzed further during my stay in discussions and estimates with Luca Antonelli of Prof. Batani’s group, and progress towards reducing the gap has been made.
The TNSA symmetry/asymmetry has been pursued in great detail by Claudio Perego. He has performed particle-in cell-simulations. They show indeed nearly perfect symmetry in targets of 10 µm thickness, in clear contrast to Brunel’s model. I have presented a quantitative analysis of the latter in the lecture series and we have it discussed further in the light of Claudio’s simulations. As Brunel suppresses resonant interaction of individual plasma layers with the laser, overtaking of layers and their mixing is excluded with the consequence that Brunel’s model leads to electron energy spectra never observed neither in simulations nor in experiments. 
The discussions on TNSA ion acceleration evolved into a detailed plan for a paper by C. Perego, P. Mulser and D. Batani (presumable list of authors) with the projected title “Specific imprints of the fast electron spectra on the TNSA proton and ion acceleration”. The work is continuing meanwhile by PIC simulations (Perego) and accompanying analytic estimates. Our aim is to bring it to an end on our next meeting at the Erice Summer School  in July. In this enterprise the model of ion acceleration developed by C. Perego with M. Passoni will provide great inside and help. 
Research program with Prof. M. Passoni

In Milan I had also stimulating discussions with Prof. M. Passoni from the Politecnico, however, the time was too short for starting a common research project this time. The interaction has been more of indirect character through C. Perego on the basis of their successful ion acceleration model.
Summarizing, I left from Bicocca University with the sensation that my research stay has been very stimulating for my current and near future research. At the same time the continuous interaction with the well trained open minded young researchers of Prof. Batani’s group has been of mutual interest and feedback and has been beneficial to both.
Darmstadt, June 9th, 2011.                                                   Prof. Dr. P. Mulser

