Position paper
Micro- and nano-structured materials for experiments
with high-power lasers

High-power lasers are used worldwide for a very wide range of applications. To cite a few of them, nanosecond
terawatt-scale peak power laser facilities are employed for research on clean energy production in the context of
Inertial Confinement Fusion (ICF), while picosecond and femtosecond petawatt-scale peak power lasers are used
for the acceleration of charged particle (electrons and protons/ions) and the generation of bright XUV, X-ray and
gamma-ray sources. In the majority of these experiments, the choice of the target material and its structure is
crucial to achieve the desired interaction regime or enhance the source performance.

Micro-structured materials, often referred to as porous materials or foams, find many applications in the context
of ICF. Their internal structure, characterized by randomly assembled membranes, filaments, or clusters separated
by empty spaces, can offer a significant advantage in improving the implosion performances of a fusion target by
smoothing laser irradiation inhomogeneities [1]. Low density foams can be used to study plasmas with very long
density gradients as the ones expected in the corona of fusion targets [2]. In addition, they can also be used to study
the equation of state of plasmas relevant to ICF [3] and for efficient conversion of the laser energy into plasma X-rays
[4]. They are used as components in targets for laboratory astrophysics experiments [5]. Recent manufacturing
techniques, such as two-photon polymerization, are enabling access to a new class of micro-structured materials
[6,7] whose internal structure can be tailored for each experiment.

Particle acceleration at high energies by the use of ultrashort lasers requires controlled plasma parameters. In this
context, micro- and nano-structures can enhance the efficiency of laser-target interaction. Ad hoc micro-structured
materials are used to generate a uniform large-scale plasma of near-critical density and use it for direct laser
acceleration (DLA) of electrons. This approach enabled a breakthrough in the conversion efficiency of laser energy
into relativistic high-current electron beams [8], MeV bremsstrahlung and neutrons [9], and bright betatron emission
[10]. A layer of nano-scale structures such as nanoparticles [11], nanowires [12] or nano-spheres [13], allowed to
obtain particles accelerated at higher energy, compared to the irradiation of the sole substrate, and an ion beam of
a higher quality for the desired applications. Such controlled ion beams have potentially many applications, such
as hadron therapy for example, allowing for future table-top accelerators in place of the traditional cyclotrons or
linear accelerators.

Recent studies on particular microfabrication, as “free-standing membranes target” based on silicon materials,
together with the highly enriched doped targets by hydrogen and boron, attracted attention from the scientific
community, also in the framework of the laser-driven particle acceleration and nuclear fusion reaction respectively
[14-18].

The aims of the Expert Group are:

« Tofosterthe scientific collaboration among its members for organizing experiments at the various laser facilities
active in Europe;

« To support the efforts in applying to funding calls from the European Union and from national governments;

« To promote the cross-fertilization among the different expertise of the Group members, for generating new
concepts for innovative techniques and applications: to this end a database of the member’s expertise is
available in the cloud space dedicated to the Group activities; each member can refer the database to find
research groups suitable to start a collaboration about new ideas requiring interdisciplinary skills;

» To support the dissemination of scientific results with the organization of on-line seminars and in-person
workshops.
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The research on this topic requires:

« Theoretical studies to model and predict the behavior of each material under laser irradiation;

«  Experimental test to assess an aspect of the interaction predicted by the theory or to investigate new features
of the interaction;

«  New production techniques for the fine control of the internal morphologies of the material and the efficient
production of the samples.

Due to the broadness of the interests and the expertise, the Group is organized in three work packages, each taking
care of a particular research aspect.

Q Work Package 1: Modeling and simulations of laser interaction with micro- and nano-structured materials

«  Promote the development of modeling the interaction of high-power lasers with structured materials to
understand the role of the different physical processes;

« Indicate the potential new applications of the materials based on the theoretical understanding of the
interaction process.

Q Work Package 2: Experimental characterization of laser interaction with micro- and nano-structured
materials and applications

» Investigate the interaction of high-power laser beams in the nanosecond or picosecond/femtosecond
regimes with structured materials through collaborative experiments;

«  Promote collaboration among the members to perform collaborative experimental campaigns;

«  Encourage the preparation of joint proposals for experiments for facilities with competitive access;

«  Foster communication among the members for developing new applications and experimental schemes.

Q Work Package 3: Micro- and nano-structured targets for high-power laser experiments

«  Promote the exchange of information among the members to identify the most suitable target manufacturer
for each experiment;

« Link the Group to the manufacturer networks already established to simplify the preparation of each
experiment.

Laserlab-Europe AISBL is an international not-for-profit association, bringing together 47 leading laser
research infrastructures in 22 European countries. Jointly, they are committed to coordinate operation
and R&D efforts in order to facilitate the development of advanced lasers and laser-based
technologies, and to promote the efficient utilisation of advanced laser facilities by users from
academia and industry. The majority of the members provide open access to their facilities to
scientists from all over the world to perform experiments in a large variety of inter-disciplinary
research, covering advanced laser science and applications in most domains of research and
technology.
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For further information on the Expert Group ‘Micro- and nano-structured materials for experiments
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