Report on activities of Project 2 of Working Group 1 of COST Action P-14 
June to December 2004

Two workshops relevant to this project were supported during the period.

The first was a DESY meeting (August 23-25, 2004) comprising a VUV-FEL User Experiments Workshop with local organizers at DESY: J. Feldhaus, E. Ploenjes, Th. Tschentscher; COST Action P-14 representative: J. Meyer-ter-Vehn.  Programme/information can be found at 

http://www-hasylab.desy.de/conferences/vuvfel_user_2004/

The VUV-FEL beam pulses (expected up to 
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 photons at 30 nm wavelength in 100 fs, available from May 2005) and the XFEL beams (up to 12 keV photons) coming up later will become an experimental tool of major interest for the physics to be studied within COST Action P 14 "ULTRA".  It was therefore important to participate in the experiment planning from the beginning.  A number of countries having signed the COST Action P-14are already actively involved in this. 

The second workshop supported was the Rutherford Appleton Laboratory Central Laser Facility Christmas meeting 15-17 December 2004.  Local organiser at RAL CLF: Dr Peter Norreys; COST Action P-14 representative: K T Taylor.  This meeting had a scientific content pertinent right across the COST Action and Invited Talks were presented by many participating groups.  An important traditional aspect of this meeting is the opportunity afforded to young scientists to present their work in short oral presentations - for the individual this can frequently be the first such presentation away from their home institution.

A summary of scientific progress within this project by some of the participating groups now follows:

At Queen's University Belfast research was completed on two - and three-photon ionization of He using R-matrix Floquet theory.  The results demonstrate that perturbation theory is expected to apply in the absence of resonances for intensities up to 
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.  Autoionizing states do appear in the photoionization spectrum.  The widths of autoionizing states can be seriously affected by photoionization, so the widths of narrow states are already completely dominated by photoionization at intensities below 
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.  A paper has been submitted to J Phys B.  Also using the group's full-dimensionality approach to the Time-dependent Schroedinger equation for helium was exposed to 14 nm radiation from 
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 up to 
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 which extended the group's previous studies at just 
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.  This was done because it is now likely the DESY XUV FEL will not go as high as 
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, at least at the beginning of its life.  It was found that three-photon double above threshold ionization was significant right down to 
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.  Angular dependence of the doubly ionizing wavepackets was also investigated.  Results were reported in an Invited Talk at the 14th International Conference on Vacxuum Ultraviolet Physics in Cairns, Australia July 19-23, 2005.  Some of these results are presented in an article prepared for the Proceedings of this Conference which will appear in the Journal of Electron Spectroscopy and Related Phenomena.  A paper detailing the extension of the full-dimensionality formalism to handle non-dipole terms in laser interactions with helium has been accepted by J Phys B.

In Darmstadt it has been found that in the so-called collisionless absorption regime of ultrashort X ray pulses with Clusters, "outer" ionization may have achieved a high level after a very short time.  The freely circulating electrons from their own cluster and from neighbouring clusters may then interact with the still compact ion spheres as a whole.  Owing to the very high charge number (e.g. 100.000) of the single scatterers and the quadratic dependence of the collision frequency on this, giant amplification of inverse bremsstrahlung may take place.  Multiplication factors up to 
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have been calculated with realistic parameters.  An Invited talk was presented on this work at the International Workshop on transport processes in plasmas, Kiel Sept. 26 -29, 2004

In Durham the group has concluded the first part of an ongoing investigation of three-step processes in multicharged ions driven by super-intense laser field.  These processes (e.g., high-order harmonic generation, high-order ATI, recollisional multiple ionization) are normally severely suppressed by the magnetic field component of the laser field, at high intensity. However, the calculations done in Durham have shown that this suppression is not severe, even for kinetic energies at recollision well above 10 keV, for multicharged ions moving at a sufficiently high velocity against a counterpropagating infrared laser pulse.  The results have been accepted for publication [1].  This work was done in collaboration with the Brussels group (Prof C J Joachain and co-workers).  This work concerns both Project 1 and Project 2, as the lesser suppression of the non-dipole effects can be traced to the large increase in the frequency of the light the ions are exposed to in their own frame of reference. 

In Bucharest, in Professor Stancalie's group, work is focused on the possibility of using the R-matrix Floquet theory and codes and its extensions to laser induced degenerate states to describe di-electronic recombination of Li-like into Be-like ions.  The uncertainty concerning the best way to include radiative damping effects is no longer a problem when the full electron collision and radiative processes are treated simultaneously, and the radiation field is treated to all orders.  The method accounts for the reverse process corresponding to single photon ionization.  Following this approach, the 1s
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) Rydberg states, embedded in the electric dipole field of the 2s - 2p core, are dressed by a laser field, assumed to be monochromatic, monomode, linearly polarized and spatially homogeneous.  As in the R-matrix Floquet theory, in the external region, since the coupling field potential vanishes, the calculation yields the complete information on the autoionizing rate and field free positions.

In Lund the group a train of extreme ultraviolet pulses of sub-200 attosecond duration has been used to create temporally localized electron wave packets just above the ionization threshold in argon.  We study the energy transfer from a strong infrared laser field to the ionized electrons as a function of the delay between the XUV and IR fields.  At the zero crossings of the laser field, a significant energy (~20 eV) is transferred from the IR field to the electrons resulting in dramatically enhanced above-threshold ionization in conditions where the infrared field alone does not induce any significant ionization of the medium.

In Bordeaux, using radiative hydrodynamic simulations, ionization and plasma formation of various low-Z materials by an x-ray laser has been studied.  Striking variation in the ionization and plasma dynamics when the x-ray laser energy is on one side or the other of a L-edge has been found.  The group is involved in the first series of experiments in Hamburg to study plasma formation on solid materials, induced by the VUV-FEL coherent radiation.  In part of a collaboration around Ph. Zeitoun at LOA, the group plans to field a target chamber with various spectroscopic diagnostics, time- and space-resolved.

Publications from participants over the period.
Recent developments in X-UV optics and X-UV diagnostics P Zeitoun; P Balcou; S Bucourt ; F Delmotte; G Dovillaire; D Douillet; J Dunn; G Faivre; M Fajardo; KA Goldberg; S Hubert; JR Hunter; M Idir; S Jacquemot; SKazamias; S Le Pape; X Levecq; CLS Lewis; R Marmoret; P Mercere; AS Morlens; PP Naulleau; MF Ravet; C Remond; JJRocca; RF Smith; P Troussel; C Valentin; L Vanbostal Applied Physics B-Lasers and Optics 2004, Vol 78, Iss 7-8, pp983-988

Beyond the dipole approximation for helium and hydrogen in intense laser fields

K J Meharg, J S Parker and K T Taylor J Phys B in press  

P. Mulser and R. Schneider, On the inefficiency of hole boring in fast ignition, Laser and Particle Beams 22, 157 (June 2004)
M. Kanapathipillai, P. Mulser et al., Net charge of a conducting microsphere embedded in a thermal plasma, Phys. Plasmas 11, 3911 (August 2004) 
P. Mulser and M. Kanapathipillai, Two most efficient nonlinear laser absorption mechanisms in clusters, submitted to PRL 
M. Kanapathipillai, P. Mulser et al., Collisionless absorption in clusters out of linear resonance (13 pages), submitted to Phys. Rev. A

C. C. Chirila, C. J. Joachain, N. J. Kylstra and R. M. Potvliege, Phys. Rev. Lett., in the press.
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) autoionising levels in Be-like Al and C ions", Physics of Plasmas, AIP, accepted, Dec. 2004

P. Johnsson, R. L—pez-Martens, S. Kazamias, J. Mauritsson, C. Valentin, T. Remetter, K. Varj, M. B. Gaarde, Y. Mairesse, H. Wabnitz, P. Salieres, Ph. Balcou, K. J. Schafer and A. L'Huillier, submitted, "Attosecond Electron Wave Packet Dynamics in Strong Laser Fields"
A. Za•r, O. Tcherbakoff, E. Mevel, E. Constant, R. Lopez-Martens, J. Mauritsson, P. Johsson, A. L'Huillier Time resolved measurements oh high order harmonics confined by polarization gatingApp Phys. B, 78, 869 (2004).
V. Strelkov, A. Za•r, O. Tcherbakoff, R. Lopez-Martens, E. Cormier, E. Mevel, E. Constant Generation of attosecond pulses with ellipticity-modulated fundamentalApp Phys. B, 78, 879 (2004).

A. N. Belsky, P. Martin, H. Bachau, A. N. VasilÕev, B. N. Yatsenko, S. Guizard, G. Geoffroy, G. Petite Heating of conduction band electrons by intense femtosecond laser pulses Eur. Lett. 67, 301 (2004).

S. Barmaki, H. Bachau and M. Ghalim Dissociation and ionisation dynamics of H2+ with short laser pulses: the L2 approach Phys. Rev. A 69, 043403 (2004).

S. Laulan and H. Bachau One - and two-photon double ionization of beryllium with ultrashort laser fields Phys. Rev A 69, 033408 (2004).

A. N. Belsky, P. Martin, H. Bachau, A. N. VasilÕev, B. N. Yatsenko, S. Guizard, G. Geoffroy, G. Petite Heating of conduction band electrons by intense femtosecond laser pulses Eur. Lett. 67, 301 (2004).

S. Benec'h and H. Bachau One-, two- and three-photon ionisation of calcium J. Phys. B 37, 3521 (2004).
V.D. Rodriguez, E. Cormier et R. Gayet Ionization by short UV laser pulses: secondary above-threshold ionization peaks of the electron spectrum investigated through a modified Coulomb-Volkov approach Phys. Rev. A 69, 053402 (2004).
M. Fajardo, P. Zeitoun, and J.-C. Gauthier, Hydrodynamics simulation of XUV laser-produced plasmas Eur. Phys. J. D. 29, 69 (2004).
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