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Recommendations 
 

1 - Research 
By enabling action on matter in a controlled way at the scale of molecular vibrations and 
by opening up the possibility of monitoring the development of the system with the same 
time resolution, ultra-short lasers have provided physics, chemistry and biology with 
research tools of unexpected power. On entering the domain of the femtosecond then 
of the attosecond, optics go way beyond a simple extension of the physics of the 
nanosecond. The combination of the brevity and high power densities effectively gives 
access to a class of phenomena which was only studied previously in a very indirect way. 
Already at the origin of major discoveries and a valuable improvement in understanding, 
ultra-short time science will, undoubtedly, experience spectacular expansion as a research 
tool in a variety of disciplines. Whether this involves chemical reactions, new concepts of 
accelerators, sources of radiation, macromolecules, aggregates, treatment of materials, 
the successes already achieved are only a small opening to the routes of decisive 
progress, impossible to define in a precise manner, but which demand the 
continuation and the coordination of the research and development over the next 
decade.  
 
In chemistry, the justification, on microscopic bases, of the global mechanisms of 
reactional dynamics should extend to more complex reactions, in particular to those 
which are important in the biological mediums such as charge transfer or the evolutions 
in hydrogen links. After the success of the study of photodissociative reactions, 
femtochemistry will turn to the more general problem of bimolecular reactions in the 
fundamental state. It is therefore necessary to determine the electronic distributions based 
on the detection of photoelectrons, the movement of ions using the diffraction of 
electrons or X-rays or by provoking the coulombian explosion of the molecule, the 
changes in the mode of vibration during the reaction by non-linear spectroscopy.  



 
These advances demand impulses with variable duration and as short as possible, a 
maximum frequency of the order of several kHz, as well as an improvement in the 
quality of the signals. Impulses of a half optical cycle in the visible and UV area will 
enable the molecules to be subjected to very well controlled disturbances, as is already 
possible in infrared.  
 
For complex systems, in particular in the dense phase, it is necessary to overcome the 
relaxation which is responsible for the extreme rapidity of the loss of coherence. The 
reduction in the duration of the impulses is one of the routes to be followed. Access o the 
domain of the attosecond, through the use of coherent X-sources, will enable direct 
observation of the deformation of the electron cloud during the reaction and so 
understand the mechanism involved.   
 
In biology, although it is necessary to remain prudent on the real increase in the 
contribution of femtochemistry, it is certain that the major part is yet to come. On the one 
hand, the analysis of the in vitro functional dynamic within the protein matrix itself with 
the characterisation of the active functional structures is particularly crucial to the 
understanding of the mechanisms of enzymatic catalysis and the development of a 
rational approach in the development of medicament-molecules belonging to the inhibitor 
class. This axis will directly benefit from the progress in the area of secondary sources 
(secondary X-ray sources and femtosecond infrared sources) and from the 
photoactivation of reactions, in particular within crystals, whether through the synthesis 
of cofactors in the photo-commutable pharmacological properties or through the direct 
control of the reaction. On the other hand, in the context of functional genomics, 
intensive efforts are required in the analysis of in situ cellular operation. They must be 
based on developments in multi-photonic cellular imaging combining methods of 
detection of fluorescence in single molecules and functional cellular physiology.  
The grouping together at a single site of the sources, the instrumentation and skills 
required will be a very favourable factor in the dynamism of these activities. 
 
In condensed matter physics, the brevity of the energy deposition generates new modes of 
interaction of the radiation with the material which gives rise to athermic phenomena of 
which the physics have yet to be explored and understood (non thermal diffusion of the 
energy, role of the coulombian explosions, new phases). The analysis of these phenomena 
demands diagnostics enabling monitoring of the evolution of the network on 
appropriate time and space scales, which requires ultra-short X-ray source.  Several 
types of these sources are already available, but, here again, efforts must be directed 
towards flexibility, availability and reliability. Over and above the question of the 
investment required, this also raises the problem of the quality of the optics (reflectivity, 
selectivity...) and the operating rate of the sources which is far from being adequate 
enough to envisage diverse and intensive operation. 
 
Ultra-intense laser sources have already given plasma physics unexpected dynamism and 
renewal. They have opened the door to research into relativistic plasmas. Total control 
over this state of matter is not achieved and it is necessary to wait for a better 
understanding and improved modelling to be able to estimate their real interest. The same 



does not apply to the mechanisms of radiation from unbalanced plasma created by ultra-
short and ultra-intense impulses: in this domain the results are already sufficient to 
demonstrate the unique and specific character of the phenomena observed together with 
the significance of the applications. The acceleration of particles, after it recent successes, 
must lead to mechanisms with low acceleration over longer lengths and faster beam 
quality control. The techniques of control and correction of the wave edge will improve 
lasers. Energy flux densities higher than 1022 W/cm2 should be obtained over the next 
decade which will lead to ponderomotor voltages in the gigaelectronvolt area.  However, 
the contrast of the impulses must follow this progression to prevent the pedestal 
disturbance effects. 
 
Over the next few years, ultra-short time science will continue to contribute in a 
significant way to fundamental research. Probable acceleration will result from the 
widespread use of diode oscillation which, like solid lasers and frequency drift 
amplification, will enable a faster and more diverse spread of laser source 
application. This dynamism should help the development of a number of domains by 
contributing a very pronounced multidisciplinary character, resulting from the sharing of 
analysis and measurement techniques. In particular, coherent control and optimal 
control open up very attractive perspectives in chemistry, in condensed matter and in 
biology. Their improvement is a major opportunity which demands theoretical effort, 
methods of calculation and the implementation of true engineering of the conformation 
of the impulses in phase and amplitude. These aspects should be subject to special 
attention. 

 
2 - Laser source technology 

In France, several laboratories have played a front-line international role in the history of 
ultra-short impulses and yet, at least in the short term, the official research authorities 
have only provided, at best, modest support and, in any event far less than that provided 
in the USA and in Germany, or even in Japan. In the same way, in opposition to the USA, 
French companies have not sought to develop these technologies at their beginning with 
the result that it is only recently that French industry has taken a significant place in the 
manufacture of these sources. On the other hand, it should be noted that the French have 
often initiated the necessary basic technologies, but… in the USA! This emphatically 
demonstrates that it is time to help the necessary development in France, in particular 
in the area of company start-ups close to the laboratories. 
 
Sapphire-titanium lasers now reach the ultimate limits in impulse duration compatible 
with the visible spectral range and to near infrared. The techniques of frequency drift 
amplification fix a very high limit to impulse energy, but the rate of repetition decreases 
very quickly with the energy. The need for progress is felt regarding the rate of 
repetition, but also for the accordance in frequency and the extension of the spectral 
range. Parametric amplifiers already provide a solution for low energies on the infrared 
side and for accordance in the visible zone through combination with a spectral 
continuum generator. For short wavelengths, the multiplication of frequencies is an 
acceptably efficient simple solution. In several domains, the dynamism of the activities 
will be significantly enhanced by the presence in a single location of sources covering 
the whole range of the spectrum, from infrared to X-rays. 



 
The non linear interaction of laser pulses with photoconductors has equally enabled the 
generation of ultra-short impulses in the terahertz area (300 microns). On the one hand, 
this area is that which needs to be mastered for the study of the most recent miniaturised 
electronic components and only optoelectronics is able to do this. The principle is now 
well established and the technique is at the stage of final development to make it 
transparent to users. Problems remain at the level of the components to be analysed 
which do not always lend themselves easily to this study. On the other hand, the 
introduction of bright broadband Terahertz sources operating at ambient temperature has 
revolutionised spectroscopy in the medium infrared zone,  a central area for molecular 
physics and transmission mechanisms in solids. Finally, Terahertz impulses have 
applications in medical imaging to view small structures, the detection of 
pollutants, protected short range communication or non destructive imaging. There 
remains the adaptation of the generation techniques to the various applications and 
obtaining the required intensities. 

 
As far as applications are concerned, the fastest progress will come from simplification, 
from the reliability and compact size of the sources, in particular to facilitate their 
integration into systems. Demand should be high, and it's a top priority, for 
intermediate power (10 gigawatt to 1 terawatt) high frequency (1 to 100 kilohertz) 
sources with the presence of a specialist, particularly for server centre installations. The 
development of these lasers with a high repetition rate depends on an improvement in the 
oscillation technique and, today, only laser diodes offer a promising solution. It is 
therefore necessary to underline the major importance of the technological 
development of laser diodes and the active pursuit of the search for optimised laser 
materials for short impulses, in order to extend the choice and adapt them to very wide 
range of requirements. 

 
Sources combining short impulses, short wavelength and very high frequencies require a 
class “Very Large Equipement” installation, with a very high cost and access to a very 
small number of units. One exception is the free electron ultraviolet laser for which the 
cost is comparable to that of a high power laser installation. The case of the free electron 
ultraviolet laser cannot be dissociated from the accelerator (storage ring) on which it is 
built. The solution of inserting an FEL-UV on a ring dedicated to synchrotron 
radiation, hence with a large number of other users, is attractive if such a ring is equally 
constructed with this aim. The construction of such FELs which have more than 
demonstrated their power (average and peak) and successful applications, does not 
involve major technological risks. This is not the case of free electron lasers of the "Self 
Amplified Spontaneous Emission" type (SASE), for which the hopes of high performance 
are great, but the magnitude of the technological risks also. Even if the initial 
amplification result was obtained in 2000 at 109 nm in Germany, the specialists agree on 
the fact that the perspective of obtaining a femtosecond X-laser is not possible within the 
next 20 or 30 years. It would therefore be unreasonable, if choices must be made in 
the area of new lasers for economic reasons, to give preference to a French FEL-
SASE, with respect to the priority stated above rather than to intermediate power 
high frequency sources. Other less expensive solutions may be encouraged through 
cooperation with those European countries already active in this area. 



 
Very high power energy sources remain few in number and are designed for very 
special applications, in particular for defence. Nevertheless, it is from these sources 
that the most spectacular scientific breakthroughs must be expected. They provide 
within reach of university laboratories, nuclear physics experiments which were only 
possible using large or very large instruments. Through them, a revolutionary concept of 
particle acceleration techniques is perhaps about to see the light of day. They enable the 
creation of very dense mediums with a very high energy density which become intense 
sources of X or gamma photons. It would be surprising if, one day, they do not appear 
in the systems designed for the control of thermonuclear energy in the laboratory. 
Other diverse applications will probably follow, but today, if these sources give rise to 
obvious interest on the part of research workers and students, it is because they cover, in 
physics, new ground to be broken in and domesticated. In a general way, it is no longer 
the pursuit of record performances which should motivate future development, but 
more the wealth and extent of possible uses. It is nevertheless true that the newness of 
the expected effects justifies the search for still higher energy flows. Powerful national 
installations, largely open in Europe, have their place in this context. 

 
 
3 - Measurements 

In the domain of ultra-short times, measurements present specific problems as, on the one 
hand the impulse durations are shorter than those which have been explored in the 
traditional electromagnetic domain (there is no oscilloscope able to read femtoseconds) 
and, on the other hand, it is necessary to find a complete characterisation of the variation 
of the optic field as a function of time and not only the energy and pulse frequency. 

 
The analysis of signals by fast photoconductors seems to have reached its limit. Today, 
this type of study is as much involved with very broad band optical telecommunications 
as with ultra-short impulses. In spite of a significant industrial involvement in optical 
telecommunications, through Alcatel and Thomson, the link with the domain of ultra-
short impulses remains marginal in France. 

 
Measurements without reference in non linear optics have made remarkable experimental 
and methodological progress. No further revolution in principle is expected, but rather an 
improvement in performance and convenience of use. This may well prove essential for 
development leading to self-adapting (smart) lasers. In this domain, the French teams, 
without having really been pioneers, have played a significant role in finalising the 
methods and continue to be active. 

 
Measurements with reference are older. France is present in the area of aperture scan 
cameras which may progress further towards an objective of the order of 200 
femtoseconds with the possibility of detection of single photons. France is equally present 
in the area of time control where one of the two main methods being studied is a French 
invention. 

 
4 - Simulation and interpretation of results 



Ultra-short time physics is often associated with digital simulation work which finds in 
the experiments an ideal field of application and which considerably helps the analysis of 
the coherent phenomena observed. The brevity of the laser-matter interaction enables, in 
many cases, to avoid the phenomena of relaxation which are not easy to integrate into a 
simulation. The ab initio description becomes possible. Quantum chemistry, molecular 
dynamics, special models are then used to describe the phenomenon studied in a near 
rigorous way, and simulation becomes a tool for forecasting and analysis in chemistry, in 
biology and in plasma physics. It is therefore necessary to ensure that the skills 
needed for the development of these digital tools are kept at the required level with 
adequate computer availability. In the dense phase, the theoretical modelling must 
adapt itself to the complexity of the medium in order to go beyond the limits of quantum 
chemistry. The French teams must possess the appropriate tools in order, for example, to 
design the format of the femtosecond impulses suited to the loss of coherence in the 
liquid phase and hence master the coherent control in the experimental conditions of the 
dense phase. 

 
5 - Environmental applications 

The Lidar technique (Light Detection and Ranging) has already shown the effectiveness 
of optics as a means of detection and characterisation of atmospheric pollution. 
Femtosecond non linear spectroscopy has now provided a major complement by enabling 
the characterisation of aerosols whose impact on the environment is increasingly 
recognised. The emission of harmonics, the Raman distribution and the multiphonic 
induced fluorescent give indications of the size and composition of aerosols. New 
perspectives are opened with the discovery of the generation of white light, in filaments, 
at kilometric distances using Terawatt Lidars. Europe and France are well placed in the 
latter domain with the TERAMOBILE Franco-German project, but the experimental 
effort must be accompanied by theoretical developments and sophisticated modelling. 

Applications relating to the initiation of lightning are equally under study, but 
have not yet got beyond the exploratory stage. 

 
6 - Industrial prospects 

Today, industrial production basically relates to scientific applications of ultra-short 
sources in the laboratory. These scientific applications require specific instruments that 
the specialist manufacturers produce, sometimes in partnership. The clientele is 
invariably made up of laboratories, but it is increasingly broad and covering increasingly 
diverse sectors of research. 
 
Two major examples can be cited where an association of manufacturers has been 
established naturally. The first involves confocal microscopes with two photons. Its two 
main components are a laser oscillator with adjustable wavelength and a confocal 
microscope. There is currently a link established between the laser and the microscope 
manufacturers to market this type of instrument. Another specific application example 
currently being established involves Terahertz spectroscopy. This application requires a 
partnership between laser manufacturers and manufacturers of fast semiconductor 
sensors. 
 



Applications should soon appear from laboratories in the medical sector (ocular 
microsurgery and diagnosis) as well as for material processing and machining. It should, 
however, be noted that problems of the reduction in cost, reduction in size, operational 
reliability and simplification of use are not yet dealt with. In certain cases, such as 
micromachining, ocular microsurgery or initiating lightning, the applications are still at 
the laboratory demonstration stage, in other cases they have not managed to replace more 
traditional techniques. It is the lack of really easy to use sources which is the most 
important brake. 
 
Research must be started or pursued into a certain number of key points for the 
simplification and cost reduction of lasers, such as the final development stages of 
laser material having both adequate performance characteristics (broad band, laser 
gain, thermal properties, etc.) and compatibility with diode oscillation or the final 
development of compact spectral dispersion systems. 
It is very probable that the phase of non scientific applications will begin during the 
course of the decade. France has advantages in this context, among which could be cited: 

- a university community active in this field 
- one of the major international industrial manufacturers of lasers, who is the 

leader in the area of high energy applications 
- a manufacturer of tubes for aperture scan cameras, equally at the highest 

international level 
- a number of small and medium sized businesses active in the development of 

components associated with lasers. 
 

7 - The international context 
France recently took a significant place in the industrial production of femtosecond 
technologies. Three independent industrial entities (QUANTEL, B.M. Industries (now 
known as Thomson CSF Laser) in France and CONTINUUM in the USA) whose 
managers were previously members of the first QUANTEL team, supply more than 50% 
of the world market for these sources. 
 
As far as free electron lasers are concerned, the French community has shown that it has 
made undeniable international progress. The CLIO infrared FEL at the LURE at Orsay 
constitutes an exemplary server centre. The case of the FEL-SASE is linked to the 
success of the Hamburg project. The CEA has already begun the construction of the 
accelerator and has also started test experiments on the future FEL via a European 
network. 
 
In the area of coherent control, the scientific community involved is very scattered, with 
pioneering groups in the USA, in Israel and in Germany, particularly in physical 
chemistry applications. In Japan, major developments have taken place in the solid phase. 
On the French side, the numbers involved are still small. Although there are groups of 
theoreticians at Orsay and Dijon, research workers at Orsay, Palaiseau, Toulouse and 
Dijon are already very active in this domain, this community must certainly be 
strengthened. 
 



In femtochemistry, the teams are numerous and mainly located in the USA, Germany, the 
Netherlands, Belgium, Italy and France. Our country has at least ten groups involved in 
this area. Most of the French teams are grouped within the GDR CNRS N°1017 
"Elementary chemical action in the liquid phase". 
 
The domain of condensed matter studied at ultra-short time scales includes aspects close 
to industrial production. It is therefore difficult to situate the respective positions of the 
various countries in competition. The Americans have been pioneers in this study, but 
France and Germany have quickly taken a significant place, followed by Canada, 
Switzerland, Denmark and a few other countries. The Japanese, with few exceptions long 
absent, could soon become serious competitors through the major research effort in this 
area decided by their government. 
 
France has played the leading role in ultra-intense high energy lasers based on Nd-glass 
with the P102 installation of the Atomic Energy Commission – Military Applications 
Management, retaining the world record for peak power over a long period. The projects 
in progress will maintain this lead in Europe, in spite of the construction of several high-
performance lasers in Great Britain and Germany. France remains extremely well placed 
in the competition with the USA and Japan 
 
 


