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COST Technical Committee "Physics"
COST Action P14
Laser-Matter Interaction with

 Ultra-Short Pulses, High-Frequency Pulses and Ultra-Intense Pulses: 

from Attophysics to Petawatt Physics
PROGRESS REPORT
Period: from April 2004 to December 2007
This Report is prepared by the Management Committee of the Action and presented to the relevant Technical Committee. 

The report is a "cumulative" report, i.e. it is updated annually and covers the period beginning from the start date of the Action.
1. Overview:         action identification data

COST Action  P14 : Laser-Matter Interaction with Ultra-Short Pulses, High-Frequency Pulses and ultra-Intense Pulses. From Attophysics to Petawatt Physics
	TC Recommendation:
	First MC meeting: 14/06/2004

	CSO Approval: 04/12/2003
	Last MC meeting: N/A

	Start date: 14/06/2004
	Final Report: N/A

	Duration: 48 months
	Evaluation Report: N/A

	Extension: N/A
	TC Evaluation: N/A

	End date: 13/06/2008
	


Number of signatories: 20
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	Greece (03/01/2005)
	Poland (11/02/2004)
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	Slovakia

	Cyprus
	Italy  (03/03/2004)
	Slovenia
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· Institute of Mathematical Modelling (Russia)

· Joint Institute for Nuclear Research (Russia)

· Institute of Physics of Daghestan, Russian Academy of Science (Russia)

· Prokhorov General Physics Institute, Russian Academy of Science (Russia)
· P.N.Lebedev Physical Institute, Russian Academy of Science (Russia)
· Laser Research Institute, St Petersburg State University (Russia)

· Laboratory for Laser Energetics, Rochester NY (USA)

· Osaka University (Japan)
· Frantsevich Institute for Problems of Materials Science of NASU (Ukraine)
· Institute for Laser Physics, St Petersburg (Russia) 
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           Fax +32 2 650 50 98
Physique Théorique, CP227         
           E-Mail cjoacha@ulb.ac.be
       Boulevard  du Triomphe



         
1050 Bruxelles
TC Rapporteur: Professor F Beltram
External Evaluator: Not yet nominated
External Evaluator: Not yet nominated
2.
Objectives
       The main objective of this Action is to develop a greater understanding of the physics of atoms, molecules, clusters, solids and plasmas interacting with high-intensity coherent light. Using recent breakthroughs in laser technology, fundamental processes and applications ranging from ultra-fast phenomena on the attosecond scale to ultra-strong interactions of matter with petawatt pulses will be investigated. An additional objective is to maintain the leadership of Europe in this area of science by building upon the links between the participating research teams and creating larger scale collaborations. The Action being deliberately broad in scope aims to facilitate the coordination of European research on high-intensity laser-matter interactions, and in particular to develop a fruitful collaboration between the European atomic physics and plasma physics communities. It is also an important goal of this Action to broaden the training of young European scientists within the participating research groups. Via the involvement of researchers from East European countries, this Action also aims to facilitate the development of research centres in these countries.
3.
TECHNICAL DESCRIPTION AND IMPLEMENTATION 

       The Action is based on two mutually interlocking working groups. Working Group 1 investigates the interaction of ultra-short pulses, high-frequency pulses and ultra-intense pulses with atoms, molecules and clusters, i.e. the physics of high-intensity laser-matter interactions at the microscopic level. Working Group 2 investigates the problem at the macroscopic level, i.e. the interaction of ultra-short pulses, high-frequency pulses and ultra-intense pulses with solids and plasmas. The two working groups carry out a broad programme of research, both theoretical and experimental. The programme is divided into four projects: 
· Project 1 (Working Group 1): Study of the interaction of atoms, molecules and clusters with super-intense laser pulses and few cycle laser pulses, infrared or visible, and generation of attosecond pulses. 

· Project 2 (Working Group 1): Study of the interaction of atoms, molecules and clusters with high-frequency radiation including attosecond pulses and pulses from free-electron lasers and X-ray lasers. 

· Project 3 (Working Group 2): Study of the interaction of ultra-short pulses, high-frequency pulses and ultra-intense pulses with plasmas. 

· Project 4 (Working Group 2): Applications of laser-plasma studies to particle acceleration, laboratory astrophysics, laser-induced nuclear reactions and the fast ignition approach to inertial confinement fusion.
       The members of each working group exchange information and maintain contact with each other, in particular through informal meetings, participation to conferences and short term scientific missions. General meetings bringing the two working groups together are organized from time to time. Each project is lead by a Project Leader, appointed by the Management Committee (MC) of the Action. The Project Leaders, the Chair and the Vice-Chair of the Action, and another member of the MC, form a Core Management Committee to which the day to day management of the Action is delegated.  Its main responsibility is to approve the proposals for short scientific missions put forward by the participants to the Action. The Core Committee also prepares the grounds for workshops and conferences. The Project Leaders report to the MC on the progress of their project. They may also lead in the organization of workshops. The MC decides which meetings should be supported by the Action and the level of support, the details of organization being left to the local organizers.
       The COST Secretariat helps with the administration of the Action in respect to financial matters and to general matters. It maintains close contact with the Chair of the Action, and, when possible, also informs directly the MC of relevant matters by presentations at its meetings. Much of the secretariat of the Action is run by the Chair and the other members of the Core Committee.
4.
PARTICIPATION AND COORDINATION

4.1
Management Committee 
Chair :

Professor Charles J. JOACHAIN

Université Libre de Bruxelles

Physique Théorique

Campus Plaine CP 227

Bd. du Triomphe

1050 Bruxelles

+32 2 650 55 78

cjoacha@ulb.ac.be

Vice Chair :
Professor Dimitri BATANI
Università degli Studi di  Milano- Bicocca

Dipartimento di Fisica "G.Occhialini"

Piazza delle Scienza 3

20126 Milano

+39 02 24482313

batani@mib.infn.it



 Members by country: 
Austria
Dr. Armin SCRINZI, Vienna University of Technology
Professor Joachim BURGDÖRFER, Technische Universitaet Wien

Belgium
Professor Charles J. JOACHAIN, Université Libre de Bruxelles
Professor Philippe ANTOINE, Université Catholique de Louvain

Czech Republic
Dr. Karel ROHLENA, Institute of Physics, Prague
Finland
Dr. Rainer SALOMAA, Helsinki University of Technology

France
Professor Jean-Claude GAUTHIER, Université de Bordeaux I

Professor Alfred MAQUET, Université P. et M. Curie (Univ. Paris 6)
Dr. Michel KOENIG (Substitute), Ecole Polytechnique
Dr. Pascal MONOT (Substitute), CEA Saclay
Germany
Professor Wolfgang SANDNER, Max-Born-Institute for Nonlinear Optics           

and Short Pulse Spectroscopy, Berlin
Professor Ferenc KRAUSZ, Max-Planck-Institut für Quantenoptik
Professor Jürgen MEYER-TER-VEHN (Substitute for Professor Krausz), 

Max-Planck-Institute for Quantum Optics
Greece
Professor Dimitrios CHARALAMBIDIS, Foundation for Research and 


Technology Hellas (FORTH) and University of Crete

Hungary
Professor Gyozo FARKAS, Hungarian Academy of Science, Institute of 


Solid State physics and Optics

Dr. István FÖLDES, Hungarian Academy of Science, KFKI-Research Inst. 

for Particle and Nuclear Physics
Italy
Professor Dimitri BATANI, Università degli Studi di  Milano- Bicocca
Professor Francesco PEGORARO, Università di Pisa

Lithuania
Dr. Algis PISKARSKA, Vilnius University

Professor Valerijus SMILGEVICIUS, Vilnius University
Netherlands
Dr. Fred BIJKERK, FOM-Institute for Plasma Physics Rijnhuizen

Poland
Professor Jerzy WOLOWSKI, Institute of Plasma Physics and Laser 


Microfusion, Warsaw
Professor Jan BADZIAK, Institute of Plasma Physics and Laser 



Microfusion, Warsaw
Portugal
Professor José Tito MENDONCA, Instituto Superior Tecnico. Lisboa
Romania
Dr. Viorica STANCALIE, National Institute for Laser, Plasma and 


Radiation Physics, Bucharest
Professor Viorica FLORESCU, University of Bucharest
Serbia
Dr. Milos M. SKORIC, Institute of Nuclear Sciences VINCA
Dr. Biljana GAKOVIC, Institute of Nuclear Sciences VINCA
Spain
Professor Javier HONRUBIA, Universidad Politecnica de Madrid
Professor Luis ROSO, Universidad de Salamanca
Sweden
Professor Claes-Goran WAHLSTROM, Lunds Institute of Technology
Professor Anne L'HUILLIER, Lunds Institute of Technology

Switzerland
Dr. Jens BIEGERT, ETH Zurich

Professor Ursula KELLER, ETH Zurich
Turkey
Dr. Emine MESE, Dicle University

United Kingdom
Dr. Robert POTVLIEGE, Durham University
Professor Kenneth T. TAYLOR, Queen's University Belfast

4.2 Participating Institutes
  The following non-COST institutions have now joined the Action:

· Multicharged Ions Spectra Data Centre of VNIFTRI (Russia)

· Institute of Mathematical Modelling (Russia)

· Joint Institute for Nuclear Research (Russia)

· Institute of Physics of Daghestan, Russian Academy of Science (Russia)

· Prokhorov General Physics Institute, Russian Academy of Science (Russia)

· P.N.Lebedev Physical Institute, Russian Academy of Science (Russia)

· Laser Research Institute, St Petersburg State University (Russia)

· Laboratory for Laser Energetics, Rochester NY (USA)

· Osaka University (Japan)

· Frantsevich Institute for Problems of Materials Science of NASU (Ukraine)

· Institute for Laser Physics, St Petersburg (Russia) 
4.3 Meetings of the Management Committee
· 14/06/2004, Brussels (Belgium)
· 15/12/2004, Abingdon (UK)
· 14/09/2005, Varenna (Italy)
· 30/09/2006, Budapest (Hungary)

· 07/12/2007, Brussels (Belgium)

4.4 Meetings of the Working Groups
              The working groups have met informally at a number of workshops and conferences, in particular at the following meetings, which were sponsored by the Action:

· VUV-FEL User Experiments Workshop at DESY, Hamburg, Germany (August 23 - August 25, 2004).

· VUV-FEL Ionization Experiments Workshop in Garching, Germany (October 18, 2004).

· COST-Rutherford Workshop in Abingdon, U.K. (December 15 – December 17, 2004).
· International Workshop on “Physics of High Energy Density in Matter” in Hirschegg, Austria (January 30 - February 4, 2005).
· International Workshop on “Fast Ignition of Fusion Targets” in Tarragona, Spain (June 28 - July 1, 2005).
· International Conference on “Superstrong Fields in Plasmas” in Varenna, Italy (September 19 – September 24, 2005).
· International School on “Matter in Super-Intense Laser Fields” in Erice, Italy (June 27 – July 5, 2006).

· International Conference on the “Interaction of Atoms, Molecules and Plasmas with Intense Ultrashort Laser Pulses” in Szeged, Hungary (October 1 – October 5, 2006).

· International Workshop on “Relativistic Laser-Atom Interactions” in Dresden, Germany (November 27 – December 1, 2006).
· COST-Rutherford Workshop in Abingdon, U.K. (December 17 – December 19, 2006). 
· The Dream Beams Symposium in Garching, Germany (February 26 – February 28, 2007).

· International Workshop on “Direct Drive and Fast Ignition Physics” in Madrid, Spain (April 2 – April 4, 2007).

· 9th European Conference on Atoms, Molecules and Photons in Heraklion, Greece (May 6 – May 11, 2007).

· International Workshop on Warm Dense Matter in Porquerolle, France (June13 – June 16, 2007).

· 6th International Symposium on Ultrafast Intense Laser Science in Pisa, Italy (September 23 – September 27, 2007).  
· 1st International Conference on Ultra-intense Laser Interaction Sciences in Bordeaux, France (October 1 – October 5, 2007).
4.5 Short-term scientific missions
	Start
	End
	Beneficiary
	Country
	Host
	Country

	1/07/2004
	1/08/2004
	Abutrab Aliverdiev
	RU
	Dimitri  Batani
	I

	20/09/2004
	5/10/2004
	Boca Madalina
	RO
	Robert Potvliege
	UK

	18/10/2004
	6/11/2004
	Tommaso Vinci
	FR
	Atenzi Stefano
	I

	25/10/2004
	21/10/2004
	Philippe Martin
	FR
	Gyozo Farkas
	HU

	1/11/2004
	30/11/2004
	Tara Desai
	E
	Dimitri Batani
	I

	1/12/2004
	23/12/2004
	Esposito Martin
	I
	Koenig Michel
	F

	1/12/2004
	23/12/2004
	Batani Dimitri
	I
	Koenig Michel
	F

	1/12/2004
	23/12/2004
	Piazza Daniele
	I
	Koenig Michel
	F

	21/11/2004
	27/11/2004
	Fransesco Ceccherini
	I
	Marco Borghesi
	UK

	5/12/2004
	11/12/2004
	Fransesco Ceccherini
	I
	Dieter Bauer
	D

	21/11/2004
	27/11/2004
	Andrea Macchi
	I
	Marco Borghesi
	UK

	5/12/2004
	11/12/2004
	Andrea Macchi
	I
	Dieter Bauer
	D

	2/03/2005
	2/04/2005
	Milan Trtica
	YU
	Dimitri Batani
	I

	2/03/2005
	2/04/2005
	Biljana Gakovic
	YU
	Dimitri Batani
	I

	29/03/2005
	5/04/2005
	Lorenzo Romagnani
	UK
	Francesco Pegoraro
	I

	14/04/2005
	22/04/2005
	Angelo Schiavi
	I
	Marco Borghesi
	UK

	9/05/2005
	17/06/2005
	Olle Lundh
	SE
	Paul McKenna
	UK

	15/05/2005
	15/06/2005
	Svetlana Vucic
	YU
	Alfred Maquet
	F

	16/05/2005
	29/05/2005
	Filip Lindau
	SE
	Paul McKenna
	UK

	16/05/2005
	22/05/2005
	Evguenii Moiseenko
	FR
	Giozo Farkas
	HU

	1/11/2005
	31/01/2006
	Ondrej Klimo
	CZ
	Vladimir Tikhonchuk
	F

	27/03/2006
	02/04/2006
	Erice Cormier
	FR
	Jens Biegert
	CH

	01/05/2006
	24/06/2006
	Peter Mulser
	DE
	Dimitri Batani
	IT

	01/05/2006
	28/05/2006
	Tara Desai
	IT
	Biljana Gakovic
	SR & M

	10/11/2006
	30/11/2006
	Biljana Gakovic
	SR & M
	Dimitri Batani
	IT

	12/03/2006
	25/03/2006
	Viorica Stancalie
	RO
	Ken Taylor
	UK

	24/05/2006
	18/06/2006
	Mihai Dondera
	RO
	Alfred Maquet
	FR

	08/05/2006
	16/06/2006
	Olle Lundh
	SE
	Paul McKenna
	UK

	28/05/2006
	11/06/2006
	Filip Lindau
	SE
	Paul McKenna
	UK

	01/05/2006
	01/06/2006
	Renato Redaelli
	IT
	Paul McKenna
	UK

	09/04/2006
	22/04/2006
	Alessandra Ravasio
	FR
	Gianluca Gregori
	UK

	01/10/2006
	31/10/2006
	Helise Stabile
	FR
	Dimitri Batani 
	IT

	15/07/2006
	15/08/2006
	Mauro Manclossi
	FR
	Dimitri Batani
	IT

	24/07/2006
	04/08/2006
	David Carroll
	UK
	C-G Wahlstrom
	SE

	15/10/2006
	20/10/2006
	Henri Bachau
	FR
	Bernard Piraux
	BE

	06/11/2006
	01/12/2006
	Mihaly Gorbe
	HU
	Dimitri Batani
	IT

	13/11/2006
	23/12/2006
	Renato Redaelli
	IT
	Michel Koenig
	FR

	19/11/2006
	02/12/2006
	Anna Antonecci
	IT
	Anna Ines Gomez de Castro
	ES

	27/11/2006
	09/12/2006
	Tommaso Vinci
	FR
	Stefano Atzeni
	IT

	28/11/2006
	09/12/2006
	Sandor Varro
	HU
	Alexander Apolonski
	DE

	05/12/2006
	20/12/2006
	Milan Trtical
	CS
	Dimitri Batani
	IT

	03/12/2006
	10/12/2006
	Dieter Bauer
	DE
	Andra Macchi
	IT

	10/12/2006
	15/12/2006
	Paul McKenna
	UK
	C-G Wahlstrom
	SE

	07/01/2007
	20/01/2007
	David Carroll
	UK
	C-G Wahlstrom
	SE

	18/03/2007
	28/04/2007
	Petra Koester
	IT
	Marco Borghesi
	UK

	27/03/2007
	27/04/2007
	Rolf Loch
	NL
	Philippe Martin
	FR

	02/04/2007
	25/04/2007
	Dimitri Batani
	IT
	J-C Gauthier
	FR

	02/04/2007
	25/04/2007
	Alessio Morace
	IT
	J-C Gauthier
	FR

	02/04/2007
	25/04/2007
	Renato Redaelli
	IT
	J-C Gauthier
	FR

	13/08/2007
	31/08/2007
	Renato Redaelli
	IT
	Paul McKenna
	UK

	15/11/2007
	02/12/2007
	Milan Trtica
	RS
	Dimitri Batani
	IT

	21/11/2007
	04/12/2007
	Alessandra Bigongiari
	IT
	Marco Borghesi
	UK

	26/11/2007
	01/12/2007
	Dimitri Batani
	IT
	Keisuke Shigemori
	JP

	03/12/2007
	07/12/2007
	Antonino di Piazza
	DE
	Andrea Macchi
	IT


5.
RESULTS


As is described in the extended scientific reports attached to this Progress Report, advances have been made on many different fronts in all four projects of the Action. These include the study of real time attosecond dynamics of complex atoms irradiated by ultra short laser pulses; of the dynamics of atoms exposed to train of attosecond XUV pulses and of the characterization of such trains; of the temporal confinement of high order harmonic generation; of the role of the electron correlations in the dynamics of the highly non-linear response of polyelectronic species submitted to an ultra-intense and ultra-short laser pulse and of how calculations taking this correlation into account could best be done; of the di-electronic recombination in multicharged ions; of the use of new, more precise detection systems in multiple ionization by strong laser pulses; of the role of relativistic effects in the atomic response to super intense laser pulses; of the competition between rovibronic excitations, dissociation and ionization in molecules exposed to short, strong pulses of light; of the development of methods for ultrafast imaging of molecules; of the response of dielectric materials to ultrashort infrared laser pulses at intensities below the damage threshold; of the response of clusters and bulk materials to ultra-intense and short laser pulses (e.g., in what concerns their use in future thermonuclear fusion reactors, and in what concerns the study in laboratory of matter in extreme conditions similar to some found in astrophysical objects); of the recombination dynamics of transient plasmas; of the harmonic generation from a plasma mirror and from solid targets; of laser-driven particle acceleration in plasmas; of the interaction of VUV radiation with foils at the new Tesla facility at DESY; of the interaction of similar FEL pulses with clusters; of the generation of well-controlled sub-10 fs laser pulses of TW power; and of the design and optimization of optical components for the VUV and XUV spectral ranges.
       Among the particularly significant achievements are the first direct measurement of  light waves [Science 305, 1267 (2004)]; the first demonstration of a high-intensity highly coherent soft X-ray femtosecond laser seeded by a high harmonic beam [Nature 431, 426 (2004)]; the first demonstration of a laser-plasma accelerator producing monoenergetic electron beams [Nature 431, 541 (2004)] ; important progress towards the development of a source of laser-like, kiloelectronvolt X-rays operating on the sub-femtosecond timescale [Nature 433, 596 (2005)];  major advances in the generation of coherent trains of XUV pulses [Nature 436,  234 (2005)] ; demonstrations of the control of electronic wavepackets and of the probing of structural changes in molecules on the attosecond time scale [Nature Physics 2, 319 (2006), Science 312, 246 and 424 (2006)]; the demonstration of the generation of harmonics by plasmas in the relativistic limit [Nature Physics 2, 456]; a major improvement in the temporal contrast of ultra-intense ultra-short laser pulses using plasma mirrors [Nature Physics 3, 424 (2007)]; and the production of broad continuum extreme-ultraviolet emission by argon atoms exposed to an intense infrared laser beam – an important step towards the generation of isolated, high-intensity attosecond pulses of light [Nature Physics 3, 846 (2007)].
6.
DISSEMINATION OF RESULTS

6.1
Publications and Reports


The participating groups have published in 2004 and 2005 a total of 169 refereed publications in the area concerned by the Action, including 35 in the prestigious journal Physical Review Letters, 5 in Nature and 1 in Science. A similarly large production of high quality publications was achieved in 2006, including 25 in Physical Review Letters, 3 in Nature Physics and 2 in Science.  The details of these publications can be found in the annual reports given in annex.

6.2
Conferences and Workshops
              The participating groups have reported on their results at the COST-sponsored meetings listed above, as well at a large number of other scientific workshops and conferences. For example, in 2005, the latter included the workshop on Topical Problems of Nonlinear Wave Physics held in St Petersburg (Russia); the 4th International Conference on Inertial Fusion Sciences and Applications, held in Biarritz (France); the 50th SPIE International Conference in Ultrafast X-ray Detectors and Applications, held in San Diego, California (USA); the 32nd EPS Conference on Plasma Physics, held in Tarragona (Spain); the 5th IAEA TM on Control, Data Acquisition and Remote Participation for Fusion Research, held in Budapest (Hungary); the 340th Wilhelm and Else Heraeus Seminar, held in Obergurgl (Austria); ICOMP 10, held in Quebec (Canada); ICPEAC 2005, held in Rosario (Argentina); the Annual Meeting of the Optical Society of America, held in Tucson, Arizona (USA); the Joint Conference in Ultrafast Optics V and Applications of High Field and Short Wavelength Sources XI, held in Nara (Japan); the Seminar and Workshop on Laser-Matter Interaction and Pulse Propagation held in Dresden (Germany), and the XTRA Summer School held in Porquerolles (France). More information about the conferences and workshops attended can be found in annex.

6.3
Web site


The web site of the Action (http://www.costp14.org) explains what the Action is, how it is organized, what it offers to those working in its area, and who to contact for further information. It also contains public information of direct interest to the members of the Management Committee. The site will remain open until January 2012. It will be updated as necessary at the closing of the action, but not afterwards.
]


6.4
Scientific and Technical Co-operation


Many of the participating groups are in contact, and engaged in various collaborative projects, with other groups working on related topics. Of particular note is the collaboration with the COAST Project, which is supported by the Japan Society for the Promotion of Science and aims at promoting international activities in ultrafast intense laser science.

6.5
Transfer of results
              The beneficiaries of the work of this Action are primarily other scientists working on related topics. The results are disseminated throughout the community as they are obtained, by publications in high impact international journals and communications at international meetings.
    6.6  Contacts in the ERA


Meetings of the Working Group have been co-sponsored or endorsed by other scientific organizations, such as the European Physical Society and the Gesellschaft für Schwerionenforschung (GSI).
7.
ECONOMIC DIMENSION
       It is estimated a total manpower of c. 200 person-year, excluding administrative and secretarial staff, is dedicated to the activities concerning the Action across all the participating groups. 
    Funds received from the COST budget for the year 2004:
    Secretariat: nil
    Publication: nil

    Workshops and meetings of working groups: 
€15,373

    MC meetings:




€22,813

    STSM: 





€18,050

    Other: nil

    Total: 





€56,236

    Funds received from the COST budget for the year 2005:

    Secretariat: nil

    Publication: nil

    Workshops and MC meetings:


€63,538

    STSM:





€14,934

    Other: nil
    Total:





€78,472 
    Funds received from the COST budget for the year 2006:

    Secretariat: nil

    Publication: nil

    Workshops and meetings:


€91,202

    STSM:





€22,050

    Other: nil

    Total:




          €113,252

    Funds received from the COST budget for the year 2007 (to 31/05)
    Secretariat: nil

    Publication: nil

    Workshops and meetings:


€25,884

    STSM:





€  8,500

    Other: nil

    Total:




           €34,384 
    Funds received from the COST budget for the year 2007 (01/06 to 31/12)
    Secretariat: nil

    Publication: nil

    Workshops and meetings:


€33,011

    STSM:





€  7,250

    Other: nil

    Total:




           €40,261
