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Research activities

1) Time-resolved absorption spectroscopy

We have used point projection K-shell absorption spectroscopy  to infer the ionization and recombination dynamics of transient aluminium plasmas.  Two femtosecond beams of the 100-TW laser at the LULI facility were used to produce an aluminum plasma on a thin aluminium foil (83- or 50-nm), and a picosecond x-ray backlighter source.  The short-pulse backlighter probed the aluminum plasma at different times by adjusting the delay between the two femtosecond driving-beams. Absorption   X-ray spectra at early times are characteristic of a dense (0.25xsolid density) and rather homogeneous plasma.  Collisional-radiative atomic physics coupled with hydrodynamic simulations reproduce fairly well the measured average ionization as a function of time.

2) Harmonic generation on solids

In collaboration with CEA-Salay and LULI, we have shown very efficient harmonic generation from a solid surface extending beyond H15 using a plasma mirror. The spatial extension of the harmonic beam has been studied. See contribution from CEA Saclay.
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P. Monot, G. Doumy, S. Dobosz, M. Perdrix, P. D'Oliveira, F. Quéré, F. Réau, Ph.  Martin, P. Audebert, J. C. Gauthier, and J.-P. Geindre, High-order harmonic generation by nonlinear reflection of an intense high-contrast laser pulse on a plasma, Optics Letters 29, 893 (2004).

P. Audebert, P. Renaudin, S. Bastiani-Ceccotti, et al., Picosecond time-resolved x-ray absorption spectroscopy of ultrafast aluminum plasmas, Phys Rev Letters, accepted for publication (2005).

T. E. Cowan, J. Fuchs, H. Ruhl, A. Kemp, P. Audebert, et al., Ultralow emittance, multi-MeV proton beams from a laser virtual-cathode plasma accelerator , Phys. Rev. Letters 92, 204801 (2004).

J. Mackinnon, P. K. Patel, R. P. Town, M. J. Edwards, T. Phillips, S. C. Lerner, D. W. Price, D. Hicks, M. H. Key, S. Hatchett, S. C. Wilks, M. Borghesi, L. Romagnani, S. Kar, T. Toncian, G. Pretzler, O. Willi, M. Koenig, E. Martinolli, S. Lepape, A. Benuzzi-Mounaix, P. Audebert, J. C. Gauthier, et al.Proton radiography as an electromagnetic field and density perturbation diagnostic, Review of Scientific Instruments 75, 3531 (2004).
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Research activities

Harmonic generation onto solid targets.Collaboration with LULI and CELIA.

We demonstrate the influence of the prepulses and ASE of ultrashort pulses interacting with a solid target by addressing the direct comparison of the harmonic spectra generated by reflection onto a solid target with and without the introduction of a plasma mirror system. Well collimated Harmonics up to the 20th of the fundamental of the Ti-Sa laser are clearly visible in a situation free from any plasma expansion.

Publications

 G. Doumy, S. Dobosz, P. D’Oliveira, P. Monot, M. Perdrix, F. Quéré, F. Réau, Ph. Martin, P. Audebert, J.-C. Gauthier, J.-P. Geindre, High order harmonic generation by non linear reflection of a pedestal-free intense laser pulse on a plasma, Applied Physics B, 2004, 78 (7-8) p. 901

P. Monot, G. Doumy, S. Dobosz, M. Perdrix, P. D’Oliveira, F. Quéré, F. Réau, Ph. Martin, P. Audebert, J.-C. Gauthier, J.-P. Geindre, High order harmonic generation by non linear reflection of an intense high-contrast laser pulse on a plasma , Optics Letters, 2004, 29 (8)p. 893
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Research activities

1) Using a few-cycle few terawatt laser pulses to study laser wakefield acceleration we have demonstrated the production of  monochromatic electron pulses in single wakefield buckets. The properties of the electron beam are extremely interested for number of applications in several domains (radiography, accelerator physics, ultra-fast chemistry, radiobiology and radiotherapy). These properties are : extreme collimation (few mrad), quasi-monoenergetic distribution (170MeV+-20MeV), ultra-short bunch (shorter than 30 fs) and highly charged electron beam (500 pC). From the theoretical point of view such experimental data validated the pioneer work of Prof. A. Pukhov and Prof. J. Meyer Ter Vehn who had predicted on the basis of 3 D PIC code in 2002 the existence of a new "Bubble" Regime. This agreement between theory and experiment is very promising for the future both from the theoretical point of view and for applications motivations.

2) We are participating to the preparation of plasma experiments that should be undertaken by end of 2005 at DESY using the Free-Electron lasers. LOA in collaboration with LULI realized a study on the interaction of soft x-ray laser with matter at high intensity. LOA is in charge of the focusing optic aimed to achieve 2 µm focal spot such as to reach an intensity as high as 1016 Wcm-2 at 30 nm. LOA is also responsible of the diagnostics that will be used to probe the plasma.

3) LOA highly improved the technique of soft x-ray laser seeding by HHG, initially developed by Ditmire et al. We achieved an amplification as high as 1000 (2 in the case of Ditmire) generating a fully coherent, short pulse, polarized beam at 31.8 nm having energy around 1 µJ. The amplifier was produced with the technique of Optical Field Ionisation of rare gas by a high energy (2J) Ti:Sa laser.

Publications

Y. Glinec, J. Faure, L. Le Dain, S. Darbon, T. Hosokai, J.J. Santos, E. Lefebvre, J.P. Rousseau, F. Burgy, B. Mercier, and V. Malka High-resolution -ray radiography produced by a laser-plasma driven electron source, to be published at PRL 


J. Faure, Y. Glinec, A. Pukhov, S. Kiselev, S. Gordienko, E. Lefebvre, J.-P. Rousseau, F. Burgy, V. Malka A laser-plasma accelerator producing monoenergetic electron beams, Nature , October (2004).


V. Malka A new and existing optically induced electron source, Europhysicsnews, Feb (2004).

S. Fritzler, V. Malka, E. Lefebvre, Z. Najmudin, K. Krushelnick, S. Mangles, J.-P. Rousseau, F. Burgy, B. Walton, and A.E. Dangor Emittance measurements of a laser-wakefield accelerated electron beam, Phys. Rev. Lett, 92, 16 (2004).

S. Bouquet, C. Stehle, M. Koenig, D. Batani, A. Benuzzi-Mounaix, J.-P. Chièze, X. Fleury, N. Grandjouan, J. Grenier, T. Hall, E. Henry, J.-P.J Lafon, S. Leygnac,V. Malka, B. Marchet, H. Merdji, C. Michaut and F. Thais,Observation of laser driven supercritical radiative shocks precursors. Phys. Rev. Lett. 92, 22 (2004).

A. Rousse, K. Ta Phuoc, R. Shah, A. Pukhov, E. Lefebvre, V. Malka, S. Kiselev, F. Burgy, J. P. Rousseau, D. Umstadter, D. Hulin, Production of a keV X-ray beam from synchroton radiation in relativistic laser plasma interaction Phys. Rev. Lett. 93,13 (2004)

V. Malka, S. Fritzler, E. Lefebvre, K. Krushelnick, S. P. D. Mangles, Z. Najmudin, B. Walton, and A.E. Dangor Electron beam production with an ultra short and intense laser pulse: A new tool for scientists, Physica Scripta T107 (2004).

Sebban at al., Progress on collisionally pumped optical-field-ionization soft x-ray lasers,JSTQE (2004) under press

S. Sebban et al., Investigation of collisional optical field ionization soft x-ray lasers, JOSA B

80 (2003) 195 (Selected par Virtual Journal of Ultrafast Science, Janvier 2003, Issue 1)

Ph. Zeitoun, G. Faivre, S. Sebban, T. Mocek, S. Hallou, M. Fajardo, D. Aubert, Ph. Balcou, F. Burgy, D. Douillet, S. Kazamias, G. de Lachèze-Murel, T. Lefrou, S. le Pape, P. Mercère, A. S. Morlens, J. P. Rousseau, and C. Valentin, A high intensity, highly coherent soft x-ray femtosecond laser seeded by a high harmonic beam, Nature, 431, p426 (2004), 

M. Fajardo, P. Zeitoun, J.-C. Gauthier Hydrodynamic simulation of XUV laser-produced plasmas, Eur. J. of Phys. D, 29,1, p69 (2004)
T. Mocek1*, S. Sebban1, I. Bettaibi1, L.M. Upcraft1, Ph. Balcou1, P. Breger2, Ph. Zeitoun3, S. Le Pape3, D. Ros3, A. Klisnick3, A. Carillon3, G. Jamelot3, B. Rus4, and J.F. Wyart5, Characterization of collisionally pumped optical-field-ionization soft x-ray lasers, Appl. Phys. B, 78, 7-8, 939 (2004
Participation to Cost actions

XUV-FEL Workshop, MPQ Garching, Germany, May 10/11, 2004

VUV-FEL Users Workshop on technical issues of first experiments”, DESY Hamburg,  Germany, August 23-24, 2004
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Participation to Cost actions

STSM of Ph. Martin to Research Institute for Solid State Physics and Optics-G. Farkas-

from 25-31 October 2004 in Budapest to outline and begin a common research plan

Report on the STSM visit of Dr  Ph. Martin to Pr G. Farkas (25-10 to 31-10/04 in Budapest)

The idea proposed by Pr. G. Farkas which was abundantly discussed during my visit is based on the so-called “Sommerfeld precursor”. The “final product” could be the production of very high frequencies during a very (attosecond or even less) short time using a strong laser pulse and a dielectric material.


The idea is to launch a time limited sin pulse on a dispersive medium. Because the pulse has a finite duration, it contains many harmonics separated by 
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, T being the pulse train duration [1]. Because, the medium is dispersive, each harmonic travels with a different velocity. After a given propagation length x inside the medium, the frequency are then temporally redistributed according to the formula of the electric field given by Sommerfeld : 
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 is the frequency of sin pulse, 
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the plasma frequency of the given material and c the seed of light. This expression is only valid for 
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 (the optical cycle of the sin signal). For longer times, a more sophisticated expression [2] shows that the electric field tends to the signal, namely a constant oscillation with the period 
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The value of the first zero of the Bessel function gives the uppers frequency that the system can provide. Namely 
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. What is striking is that this expression is independent of 
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and lies is the 10 keV for 1 mm propagation in matter. Theses frequencies are located well before the arrival main (monochromatic) signal and their duration lies in the attosecond regime (see figure). Their amplitude are of the order of 10-5 to be compare to 1 (max of the sin function).
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figure : graph showing the Sommerfeld’s expression (see text). The first zero corresponds to the highest frequencies.


If the principle seems straightforward, the practical realisation needs a lot of care. In particular, the shape of the initial pulse envelop is of crucial importance. If the pulse is Gaussian, even if the effect do exist, for sure it will not be observable. A pulse with a very sharp edge (namely very small at the optical cycle range) is necessary. The use of the so called plasma mirror system [3] could be the solution. The numerical simulations are already started in the PHI group. Second, a way to get the temporal evolution of the signal has to be found. Several ideas start to emerge due to the fruitful collaboration between the PHI group in Saclay and the group in KFKI Budapest.
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Research activities

It was shown experimentally that the behaviour of the propagation of high harmonics of the 248 nm, 700 fs laser beam from laser plasmas shows diffuse behaviour above the intensities of 1016 W/cm2 even in the case of a practically prepulse-free laser (contrast > 1010). A comparison with simulations shows that this is a consequence of the rippling of critical surface. Rippling occurs because of the Rayleigh-Taylor instability which appears as a consequence of the unstable equilibrium between the pressure of the plasma and light pressure. This behaviour was found to be intrinsic, i.e. it appears even if there is no preplasma being present.

A new von Hamos spectrometer was prepared and it is being tested using an electronic CMOS detector for spectroscopic studies of isochoric heating.

Publications:

G. Veres, G. Kocsis, E. Rácz, S. Szatmári: Doppler shift of femtosecond laser pulses from solid density plasmas; Applied Physics B, 78, 635-638 (2004)

S. Varró, K. Gál and I.B. Földes: Intensity dependent anomalous transmittivity of thin plasma layers; Laser Phys. Lett., 1, 111-114 (2004)
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Research activity

Our main contribution has been on the experimental side. We have contributed to experiments on Laser-plasma physics with ultra-short pulses and Applications of laser-plasma studies to particle acceleration (in particular studies for proton production) , laboratory astrophysics (study of warm dense matter in the context of astrophysics and planetology, study of radiative shocks), and the fast ignition approach to inertial confinement fusion (study of transport of fast electrons in matter) 

Publications

D.Batani, F. Strati, H.Stabile. M.Tomasini, G.Lucchini, A.Ravasio, M. Koenig, A. Benuzzi-Mounaix, H.Nishimura, Y.Ochi, J.Ullschmied, J.Skala, B.Kralikova, M.Pfeifer, Ch.Kadlec, T.Mocek, A.Präg, T.Hall, P.Milani, E.Barborini, P.Piseri “Hugoniot Data for Carbon at Megabar Pressures” Physical Review Letters, 92, 065503 (2004). 

S.Bouquet, C.Stehlé, M.Koenig, J.-P.Chièze, A.Benuzzi-Mounaix, D.Batani, S.Leygnac, X.Fleury, H.Merdji, C.Michaut, F.Thais, N.Grandjouan, T. Hall, E.Henry, V.Malka, J.-P.J. Lafon “Observations of laser driven supercritical radiative shock precursors” Physical Review Letters, 92, 225001 (2004). 

P. M. Celliers, G. W. Collins, D. G. Hicks, M. Koenig, E. Henry,A. Benuzzi-Mounaix, D. Batani, D. K. Bradley, L. B. Da Silva, R. J. Wallace, S. J. Moon, J. H. Eggert, K. K. M. Lee, L. R. Benedetti, R. Jeanloz, I. Masclet, N. Dague, B. Marchet, M. Rabec Le Gloahec, Ch. Reverdin, J. Pasley, O. Willi, D. Neely, and C. Danson “Electronic conduction in shock-compressed water” PHYSICS OF PLASMAS, Vol. 11, L41, NUMBER 8, AUGUST (2004) 

R.B.Stephens, Y.Aglitskiy, F.Amiranoff, C.Andersen, D.Batani, S.D.Baton, T.Cowan, R.R.Freeman, T. Hall, S.P.Hatchett, J.M.Hill, M.H.Key, J.A.King, J.A.Koch, M.Koenig, A.J.MacKinnon, K.L.Lancaster, E. Martinolli, P.Norreys, E.Perelli-Cippo, M.Rabec Le Gloahec, C.Rousseaux, J.J.Santos, F. Scianitti, R.A.Snavely “Ka Fluorescence Measurement of Relativistic Electron Transport in the Context of Fast Ignition” Physical Review E, 69, 066414 (2004) 

V.Yu.Bychenkov, V.N.Novikov D.Batani, and V.T.Tikhonchuk “Ion acceleration from expanding multi-species plasma” Physics of Plasmas, Vol. 11, 3242, NUMBER 6, JUNE (2004). 

E.Martinolli, M.Koenig, F.Amiranoff, S.D.Baton, L.Gremillet, J.J.Santos, T.A.Hall, M.Rabec-Le-Gloahec, C.Rousseaux, and D.Batani “Fast electron heating of a solid target in ultra high intensity laser pulse interaction” Physical Review E, 70, 055402(R) (2004). 

D.Batani, S.Barbanotti, F.Canova, R.Dezulian, H.Stabile, A.Ravasio, G.Lucchini, J.Ullschmied, E.Krousky, J.Skala, L. Juha, B.Kralikova, M.Pfeifer, Ch.Kadlec, T.Mocek, A.Präg, H.Nishimura, Y.Ochi “Laser driven shock experiments at PALS” Czechoslovak Journal of Physics, Vol. 54, Suppl. C SPPT 446 1 C1 (2004) 

G. Huser, A. Benuzzi-Mounaix, M. Koenig, T. Vinci, E. Henry, B. Faral, M. Tomasini, B. Telaro, D. Batani“Interface velocity of laser shocked Fe/LiF targets” Physics of Plasmas, vol. 11, pp. L61-L64 (2004) 

M. Koenig, E. Henry, G. Huser, A. Benuzzi-Mounaix, B. Faral, E. Martinolli, S. Lepape, T. Vinci, D. Batani, M. Tomasini, B. Telaro, P. Loubeyre, T. Hall, P. Celliers, G. Collins, L. DaSilva, R. Cauble, D. Hicks, D. Bradley, A. MacKinnon, P. Patel, J. Eggert, J. Pasley, O. Willi, D. Neely, M. Notley, C. Danson, M. Borghesi, L. Romagnani, T. Boehly and K. Lee “High pressures generated by laser driven shocks: applications to planetary physics” Nucl. Fusion 44, 1–7 PII: S0029-5515(04)88117-1 (2004) 

Participation to Cost actions

Our group has benefited from several STMS. 

Incoming STMS (two 1-month visits to our university): 

- dr. Aboutrab Aliverdiev, from the Physical Institute of Dagestan (Russia) 

- dr. Tara Desai, from the Universidad Politecnica in Madrid (Spain) 

Outcoming STMS (visits to other groups): 

- D.Batani, D.Piazza, M.Esposito went to the LULI Laboratory for all the month of December 2004. 

Collaboration with cost action members

- the LULI Laboratory, Ecole Polytechnique, France (M.Koenig) 

- the LOA Laboratory, Ecole polytechnique, France (V.Malka) 

- the PHI group at CEA Saclay, France (P.Martin) 

- the Lundl group, Sweden (C.G. Wahlstrom) 

- the PALS group, Prague, Czech Republic (B.Rus) 

- the group at Universidad Politecnica, Madrid, Spain (J.Honrubia) 

-Università di Pisa
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Research activity

1) The expansion dynamics of a finite size plasma was examined from an analytical perspective. The acceleration of the ions and the associated cooling of the electrons that takes place during the plasma expansion was investigated. An extensive analysis of the transition between the semi infinite and the finite size plasma behaviour was carried out and the analytical results were tested with PIC numerical simulations.

Subsequently this study has been extended to 3D configurations. The charge state of spherical plasmas in vacuum has been studied for times intermediate between the electron- and the ion dynamical times. A simple analytical model has been developed in good agreement with numerical simulations. The results has been submitted to PRE for publication.

2) The acceleration of ions during the interaction of high intensity laser pulses with overdense planar targets has investigated by PIC simulations for circular polarisation. High density ion bunches moving into the plasma are generated at the laser-plasma interaction surface. A simple analytical model accounts for the numerical observations and provides scaling laws for the bunch energy and generation times as a function of laser intensity and plasma density. The results has been submitted to PRL for publication.

3) The acceleration of protons up to several tens of MeV by the interaction of ultraintense laser beams with solid targets will probably open up a wealth of applications, in particular future developments toward higher laser intensities would allow particle acceleration for High Energy Physics applications. Laser-driven acceleration mechanisms mainly favor applications that profit of the significant beam intensity without imposing strong constraints on the beam quality (energy spread and emittance) and particle energy. We have investigated the laser-plasma interaction regime where the radiation pressure is dominant and the laser energy is transformed efficiently into the energy of fast ions for the application of such plasma regimes to non-conventional high intensity proton drivers for possible applications to neutrino oscillation studies . 

4) The production of electron-positron pairs under the action of electromagnetic field (Schwinger effect) in a plasma may be made possible by recent developments in laser technology and by a new mechanism of pulse frequency and energy upshifting in a plasma that has been recently proposed (S.V. Bulanov, T.Zh. Esirkepov, T.Tajima, Phys. Rev. Lett. 91, 085001 (2003)). Novel physical phenomena are expected in these ultrarelativistic conditions The problem of the backreaction during the process of electron-positron pair production by a circularly polarized electromagnetic wave propagating in a plasma has been  investigated. A model based on the relativistic Boltzmann-Vlasov equation with a source term corresponding to the Schwinger formula for the pair creation rate was  used. The damping of the wave, the nonlinear up-shift of its frequency due to the plasma density increase and the effect of the damping on the wave polarization and on the background plasma acceleration are investigated as a function ofthe wave amplitude.

Publications

S. Betti, F. Ceccherini, F. Cornolti, F. Pegoraro Expansion of a finite size plasma in vacuum Accepted for publication in Plasma Physics and Controlled Fusion.

S. S. Bulanov, A. M. Fedotov,. F. Pegoraro Damping of electromagnetic waves due to electron-positron pair, in press in Phys rev E

. S. V. Bulanov, T. Esirkepov, P. Migliozzi, F. Pegoraro, T. Tajima, F. Terranov, Neutrino oscillation studies with laser-driven beam dump facilities in press in Nucl.Instrum.Meth. Sec A

Participation to Cost actions

F. Ceccherini and A. Macchi visited the research group of Marco Borghesi at the Department of Pure and Applied Physics of Queen's University, Belfast (QUB), UK, from Nov 21th to Nov 27th, 2004. The aim of the short term mission was to collaborate with the QUB group to prepare a paper on the detection of transient electric fields in the expanding sheath at the back of laser-irradiated targets, where F.C. and A.M. provided theoretical and numerical support. The mission outcome was positive since a draft of the paper has been written and should be soon submitted for publication.

F. Ceccherini and A. Macchi visited (from Dec 6th to Dec 11th) the research group of Dieter Bauer at the Max-Planck Institut fuer Kernphysik in Heidelberg (Germany). The present issue of the collaboration is the study of laser absorption in clusters. Results from the methods developed by the two scientific partners (particle-in-cell simulations from Pisa, time-dependent density functional theory and fermionic molecular dynamics in Heidelberg) will be compared to characterise to role of collective vs. collisional effects in determining absorption. 

F. Pegoraro attended the High Power Laser User Meeting, 15-17 December 2004 and presented a talk on ``Laser driven proton sources; technological challenges and application to neutrino physics’’
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Research activity

1) Investigating and understanding issue of the opacity effects on laser-plasma emissivity.

We contributed to this task developing new models and numerical methods on the basis of the escape factor approximation, to calculate the influence of the opacity on population density distribution on the excited states, and line intensity.

Experiments are carried out at the FORTH facility, Greece. Planning, data analysis and simulation studies are undertaken at the Laser Department, National Institute for Laser, Plasma and Radiation Physics in Bucharest. Our work refers to the ultraviolet laser ablation of graphite, 
in vaccum, using nanosecond, picosecond and femtosecond pulses focused on the plume characteristics as revealed by wavelength, time-and spatially resolved optical emission spectroscopy. The most 
radiation accompanying plume emissions occurs in the resonance line of Be-like and Li-like C.

Consequently, these line intensities are frequently used for the determination of plasma properties. 

2). Atomic data calculation for plasma diagnostics.

We contributed to this tasks building new routine to calculate positions and autoionisation rates for complex atoms.

The positions and widths of the highly excited Rydberg states in complex atoms,are analysed using a Sturmian expansion of the Coulom Green’s function. Summing perturbation theory up to the second order for positions and widths amounts to consider wave functions corrected up to first order, i.e. involving a (first-order) configuration mixing, correlations between  electrons are treated here, at least perturbatively.

We carried out detailed calculations of positions of states belonging to the parent ions,  using the atomic structure code of Cowan. The code calculates atomic structure and spectra via the superposition-of-configuration method. Coulomb matrix elements between circular Rydberg states and continuum in Ba-like tungsten ion are calculated on the basis of
the recursion formulae . The atomic system is described by a closed-shell core and two active electrons, named valence and Rydberg electron. Then, in a single configuration description,the Rydberg electron is assumed to evolve from a bound hydrogenic state  to a continuum state, while the valence electron falls from the excited ionic state to a lower state. We used a Sturmian expansion of the Coulomb Green's function to find out effective quantum numbers of the excited Rydberg states. 
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