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1. SUMMARY 
This document presents the period of time comprised from now up to the next 10 years and a probable geographic localization of the developments. Also a description of the areas of expertise by countires is given. Note that, up to now, the usefulness of metamaterials is still under discussion due to the existence of cases where they have succeeded and other situations where conventional technologies have not been surpassed. RF, microwave, millimetre wave, terahertz, infrared, optical and acoustic metamaterials have been analysed giving a time scale of probable developments. The introduction of gain and controllable structures have been discussed and placed in the time axis. Much more sophisticated technologies employing metamaterials have been placed into the second half of the ten years time period due to the needed fabrication methods advances to reach such devices.















2. INTRODUCTION
Here, we will provide some forecasts relevant to military systems on the performance of the technology and how it is likely to evolve. These quantified forecasts will de done, first, from today and ten years ahead. Some information regarding the probable geographic localisation of the leader of a certain development will be given based upon the information retrieved of publications, projects and conferences and an analysis of each relevant country is also given. The condition of each country are relevant and a forecast of its future evolution can be useful in order to strength the European capabilities and to avoid to loss the know-how because the economical crisis shortcuts. 
Because the fact that Metamaterials can be relatively easily fabricated using standard printed-circuit techniques it is in the reialm of low frequency and microwave band antenna and filters where they are under consideration for elucidation of its real advantages in front of conventional technological solutions. 
Cloaking has attracted the interest of many scientists and the mass media. The survivability of a military platform is increased by reducing or shaping its radar cross section (RCS) at microwave or even terahertz frequencies. Nevertheless, from the practical point of view the results are still at an infancy level. Here, coordinate transformation plays an essential role for invisibility, cloaking and ultra-directive antennas having an effective area higher than the physical one.  
Other promising approaches are the nearly zero index of refraction metamaterials which opens the door for innovative frequency selective surfaces, thin intrinsically absorbing artificial structures (anti-reflective layers) and, simultaneously, very directional antennas. The same technology can also be exploited for the creation of stop-band-free leaky-wave radiation as a basis for low-cost scanning antennas. 
The analogy of these phenomena for acoustical waves is relevant for sonar and other naval applications. Here will start from the results discussed in the two previous reports, the first one relatedwith the state-of-the-art and the second one dealing with the identification of metamaterials applications in military systems. 
Then it will be the time to move to the forecasts up to the next ten years where more sophisticated developments need to be analysed.


3. LITERATURE REVIEW ON THE FORECAST UP TO 10 YEARS AND LOCALIZATION  
Metamaterials are artificial periodic (or quasi-periodic) composites engineered to exhibit unprecedented controlled EM properties and functionalities unattainable with naturally-existing materials. 
This approach seemed to be inherently limited to RF and microwave frequencies and this is the reason of the enormous amount of activities, publications in journals and conferences and patent applications in this domain. Nevertheless, this has changed after the successful extension of discrete LC elements designed at optics with plasmonic structures (“metatronics”) [ENGH 07]. 
Also, we can mention that future applications related with super/hyper lenses, which can beat the diffraction limit, could lead to revolutionary breakthroughs not only in imaging of biomedical objects, but also in optical storage applications and lithography techniques. 
The pursuit of beam-forming applications based on EOTM technology has been afforded [BERU 08], [NAVA 09], [NAVA 10] and  [NAVA 11] even for lenses when its effective negative index of refraction approaches zero. Previously, starting from the first experimental confirmation by Smith’s group [SHEL 01] of a NRI medium at microwaves using arrays of metallic wires to get negative dielectric permittivity [PEND 96], mixed with arrays of split rings resonators (SRRs) to obtain negative magnetic permeability [PEND 99], several attempts have been done to achieve such geometrically profiled lenses. For instance, planoconcave lenses exhibiting negative index of refraction have been built using negative index metamaterials [PARA 04] and photonic crystals with constant index of refraction [VODO 05], [GRAL 05]. Even, RF lenses with gradient index of refraction have been reported in several works: without any geometrical profiles [SMIT 05], and also with cylindrical geometry [GREE 05], [PARA 06]. Lastly, at microwave frequencies, spherical negative index metamaterial lenses with physical curvature and flat gradient index of refraction lenses  [GREE 07] have been proven.
Very sophisticated structures emerged quite recently performing their negative refraction or even LH behaviour by just combining one resonance (in ε or μ) and a second optical feature such as anisotropy [HOFF 07], chirality [PEND 04b], [DEME 09] or exploiting the dispersion diagram of surface plasmon polaritons SPPs [LEZE 07], [MAIE 07], [RAMA 09], [SOLY 09].
Today, there is an increasing interest for media with effective index n → 0 (from both negative and positive values) [ENOC 02], [ENOC 03], [ZIOL 04], [ALÙ 05], [MART 06], [SILV 06], [ALÙ 07]. At such extreme low effective index of refraction in the vicinity of the plasma frequency, there are no sharp resonances in the Drude and Lorentz model, and therefore, according to Kramers-Krönig relations, less ohmic losses than near resonant frequencies (where classical double-resonance NIM are designed) are expected [LAND 84]. Moreover, effective index of refraction close to 0 means that the EM fields in the medium take on a static character in space, yet remain dynamic in time, which in plain words indicates that there is zero phase variation within the medium. Thus, the phase front of any EM wave outgoing from a slab with such characteristic would follow the face of the medium. This property can be advantageous for the design of high directive antennas if one uses a flat slab: the field radiated from it would propagate away orthogonally to the face of the slab (according to Snell’s law, the transmitted wave must have a transmitted angle equal to zero for any angle of incidence when the index of the incident medium is zero), and thus, a cylindrical wave generated inside the slab would be converted into a plane-wave [ENOC 02], [ZIOL 04]. 
A very interesting research topic for metamaterials remains in the terahertz band where many interesting applications related with sensing and imaging are under development. In this way, metamaterial absorbers in the THz frequency range have been reported recently [TAO 08]. Also, metamaterials have been used as antireflection coatings in the infrared as a promising solution to avoid classical multi-layered solutions, see [CHEN 10], [WAGN 06], [HUAN 07] and [CHEN 09].
A follow-up of the above research line is related with dynamically and actively switchable and frequency tunable metamaterials wich are pursuived in order to enhance functionalities and enable real devices, see for example [PADI 06] and since that time, the field is growing continuously, particularly at terahertz bands. This is one of the topics that can be forecasted to have an important expansión during the next ten years.
Following  [ZHEL 11], it seems that the next stage of metamaterials development will be the widespread use of active (gain-assisted, controllable and nonlinear) metamaterials and metamaterials for sensing and energy applications.
A radical advance is expected in expanding the metamaterial paradigm will occur when the arrays of classical plasmonic resonators found in today’s metamaterials are replaced with arrays of superconducting quantum interference devices to create truly quantum artificial electromagnetic media [ZHEL 11]. 
The mixture of gain media with metamaterials has attracted increasing attention of researchers due to its key role in developing novel laser sources. The goal consists in the development of metamaterial-enhanced gain media and the “lasing spaser”: a “flat” laser with emission fueled by plasmonic excitations in an array of coherently emitting metamolecules. On the other hand, conventional lasers working at wavelengths of proper natural atomic or molecular transitions, the lasing spaser’s emission wavelength can be controlled by metamolecule design [ZHEL 11].
It is expected that electrically pumped semiconductor gain media could be a practical solution for metamaterial-based lasers at visible and telecom frequencies, while quantum cascade semiconductor amplifiers show promise for compensate losses and providing gain in the infrared [ZHEL 11]. Also, electrically and optically pumped graphene is hoped to show strong plasmonic amplification in the terahertz. The introduction of gain into metamaterials compensates for the joule losses that attenuate plasmons in metalic nanostructures. Reducing losses is essential for waveguides, spectral filters, delay lines, etc.
Switchable and tuneable metamaterials are very important topics of metamaterials research. For the case when high speed switching is not the main goal, metamaterials can be reliably and reversibly controlled by microelectromechanical (MEMS) actuators that reposition parts of the metamolecules [ZHEL 11]. This has been confirmed for terahertz and far-infrared metamaterials. Reconfigurable optical metamaterials require moving components on the scale of a few tens of nanometers (NEMS actuators) to realize a profound change in optical properties. 
Metamaterials where metal nanostructures are combined with nonlinear and switchable dielectrics or semiconductors provide a method for fast changes compared with mechanical solutions. Semiconductors and semiconductor multiple-quantum-well structures substrates for a metallic framework, carbon nanotubes and fullerenes implanted into the fabric of the metama- terials and organic nonlinear media are envisaged solutions [ZHEL 11].
It has been shown the possibility to modify metamaterial’s response at terahertz frequencies by injection or optical generation of free carriers inside gallium-arsenide substrates. The extremelly fast nonlinear response of silicon is highly enhanced using a metamaterial layer. Single-wall semiconductor carbon nanotubes deposited on metamaterials present an order-of-magnitude higher nonlinearity than the already extremely strong response of the nanotubes themselves, due to a resonant plasmon-exciton interaction [ZHEL 11].
Chalcogenide glasses have been used in rewritable optical disk technology for years due its fast and reproducible changes in optical properties caused by excitation. Phase transitions between crystalline and amorphous states allow this property and may be engaged by optical or electrical stimulation: A nanoscale metamaterial electro-optical switch with chalcogenide glass was shown. [ZHEL 11]. Nearly equal properties are exhibited by transition metal oxides, like vanadium dioxide; or by modification in the dielectric properties of a nanometer-thick layer of conductive oxides if one injects free carriers; or by using graphene an electro-optical capability is added to metamaterials, at IR and THz.
Also the application of metamaterials for sensing is another research hot topic because detection of low-concentration of sugar, hydrogen, etc., via changes in the transmission and reflection response of a metamaterial is a real promise [ZHEL 11].
A brand new possibility for metamaterials consists into the introduction of superconducting materials. This creates a new paradigm for data processing and information technologies. One can expect a formidable reduction of losses and, simultaneously, an extraordinary sensitivity of the superconducting state to electromagnetic excitation, and the extraordinary nonlinearity of superconductors (several times that of diodes). In this way, this opens the possibility of low energy switching at the subattojoule level [ZHEL 11]. It could be suitable to switch from the classical excitations of conventional plasmonic and metamaterial devices to quantum excitations by flux quantization and quantum interference effects. It is assumed that applications of superconducting metamaterials remain in the microwave frequencies for niobium-based metamaterials, and to the terahertz if one employs high-temperature superconductors. The reason is due to is the fact that higher frequencies break the superconducting phase.
Moreover, artificially structured metamaterials have enabled unprecedented flexibility in manipulating electromagnetic waves and producing new functionalities, including the invisibility cloak. This "metamaterial" that refracts light with refraction index below 1 offers a possibility that light could bend completely around an object, making it effectively invisible. A key factor in the design of necessary metamaterial is the ability to reduce the "index of refraction" to less than 1. Natural materials typically have refractive indices greater than 1. The new metamaterial design should reduce the refractive index to values gradually varying from zero at the inner surface of the cloak, to 1 at the outer surface of the cloak, which is required to guide light around the cloaked object. 
The strategic objective to develop new metamaterials for cloaking also means opening a new branch of research in the multidisciplinary field of material physics, electromagnetics, radio engineering, and electronics which can surmount in a near future the current problems associate with this technology in order to advance this research field towards more efficient and intelligent systems, see [SCHU 06].
It has to be noted that, under the umbrella of metamaterials many other fields or applications have flowered such as transformation optics, whose potential to transform the space in such a way to engineer invisibility or cloaking [PEND 06], [SCHU 06], [LAI 09], [NOVI 09], has caused a deep impact not only in science community but also in the society. In [URZH 11], they give a review of several approaches to optical invisibility designed using transformation optics (TO) and optical conformal mapping (CM) techniques and the performance of the various cloaks is evaluated and compared using a universal measure—the total (all-angle) scattering cross section. In the same direction, experimental quantitative scattering cross-section (SCS) measurements for a metamaterial cloak where a maximum reduction in the SCS of 24% has been reported, see [KUND 10].
Needless to say, “plasmonics”, an until now independent research line but, at present, a closely related topic to metamaterials, has a lot to say also in this discussion. 
As a final discussion, we consider the fact that it seem impossible to advance in metamaterials research unless further developments in fabrication are done. We need innovative technological processes in order to arrive to a close-to-molecular perfection in nanostructures, and all this needs to be at low cost. Electron-beam lithography, focused ion beam milling and nano- imprint capabilities have to be surpassed. Up to now, practically all the fabricated metamaterials are two-dimensional structures or few layers. The great challenge is real three dimensional metamaterials. Sophisticated two-photon resist polymerization techniques and next metalizing the dielectric framework or directly releasing metallic silver from a silver halide through a two-photon absorption process are being employed together with membrane projection lithography, allowing the fabrication of quasi arbitrary metamaterial unit cells with metal inclusions (like split-rings) along each of the coordinate axes. Also three-dimensional indented (“intaglio”) or raised (“bas-relief”) subwavelength “continuous-metal” metamaterials offer interesting chances for controlling the electromagnetic properties of surfaces which can be manufactured in a simple way by focused ion-beam milling or high-throughput nanoimprint lithography. The possibility to produce complicated volumetric metamaterial structures provides exciting possibilities like the exploitation of toroidal electromagnetic excitations.
Self-assembly could be one of the most promising paths for advanced metamaterial fabrication. In this sense, it can help to surpass the limitations of two-dimensional lithographic processes by means of a transformation of prepatterned lithographic templates into mechanically robust and precisely patterned three-dimensional nanoscale structures, see [ZHEL 11].
Nevertheless, a realistic advancement in photonic metamaterials will need novel techniques placed in between chemical processes controlled by selforganizing forces on the truly molecular level and the less accurate, top-down methods of metamaterial metalworking, which have are able able to build metamaterials to almost any blueprint. For example, bioengineering approaches such as DNA scaffolding or protein-driven crystallization for fabricating nanoparticle superlattices, the self-assembly of semiconductor quantum dots and magnetic nanocrystals or the casting of metal nanostructures around liquid crystalline frameworks and colloidal frames are considered, see [ZHEL 11]. Even metals could be substituded as agents of conductivity by using selfassembled carbon nanotubes or patterned graphene, making stretchable and flexible metamaterials. Some oxides, semicondutors and perovskites could be employed for infrared applications.
Following [ZHEL 11], the current trend is to view metamaterials as devices, where the structuring of metal and the hybridization with functional agents brings new functionality and response becomes tuneable, switchable or nonlinear. In the near future, it will be possible to deal with quantum metamaterials. Even more, by exploiting the concept of transformation optics, metamaterials with spatially variable parameters and active metamolecular switches imbedded in the strategic location would permit combining complex quantum-level switching and memory functions with the waveguiding of electromagnetic radiation across through the metamaterial volume. Then, one could start to consider metamaterials as dynamic systems. In Fig. 1 one can explore a summary of the expected future evolution of metamaterials technologies and fabrication methods together with several important milestones.
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Fig. 1. Evolution of metamaterials science and technology in different frequency bands, technologies of fabrication and several milestones, taken from [ZHEL 11],
We do not like to avoid a short discussion on acoustic metamaterials because their interest in sonar applications. Fluid-like metamaterials or metafluids with negative constitutive parameters offer a new insight into acoustic wave propagation. Single negative metamaterials (SNM), in which either the mass density or the bulk modulus is negative [LIU 00], [FANG 06], [YANG 08], can be used, for example, designing of surface-like acoustic lens to overcome the diffraction limit [AMBA 07], [DENG 09] or for the design of acoustic panels [YANG 10]. Double negative metamaterials (DNM) [LI 04], [CHEN 08], [LEE 10] present negative refraction [VESE 68], [PEND 00], [SMIT 04], [SHAL 07] and, as it is well known from electromagnetic wave theory, they can also be used to increase the resolution of conventional lens  [JACO 06], [ZHAN 08], [LI 09]. In general, anisotropic fluid-like metamaterials with acoustic parameters both positive and negative are necessary in the field of transformation acoustics for the design of several types of acoustic devices based on sound propagation  [CUMM 07], [CUMM 08], [CHEN 10b], [BIN 10], [YANG 10b].
Metamaterials are artificial electromagnetic materials typically comprised of periodic arrays of subwavelength metallic resonators within or on a dielectric or semiconducting substrate. Whereas conventional materials derive their electromagnetic characteristics from the properties of atoms and molecules, metamaterials enable us to design our own “atoms” and thus access new functionalities, such as invisibility and imaging, with unlimited resolution. In terms of a Tree of Knowledge with roots embedded deep in the soil of microwave technology (see the figure1), metamaterials became a big issue when the tree brought forth the“forbidden fruit” of negative-index media [ZHEL 01]. The magnetic control of plasmons in layered structures of ferroelectric and noblemetal can also be engaged to tune metamaterials [TEMN  01].
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Fig.1 Metamaterials tree
Electric and magnetic responses with metamaterials: Conventional substrate of the metamaterials is replaced by using free standing polyimide substrates, and then a new kind of flexible metamaterials operating at terahertz (THz) frequencies range can be gotten (see Fig.2) [TAO  01].
[image: ]
Fig.2 Flexible metamaterials
The flexible metamaterials at THz frequencies offers opportunities for us to explore the initial steps involved with experimentally demonstrating a cylindrical cloak of invisibility operation at THz frequencies (see Fig.3, frequency at 0.5THz) [PADI  01].
[image: ]
Fig.3 Cloak based on flexible metamaterials
Near-field terahertz imaging of metamaterials: Metamaterials at microwave frequencies progress in structure miniaturization allowed to build metamaterials for higher frequencies, ranging from the terahertz [YEN  01] over the mid-infrared [LIND 01] to the near-infrared regime THz near-field microscopy approach permits to characterize the electric and magnetic near-field distributions of these structures at their far-field resonances. Near-field terahertz imaging of metamaterials [BITZ 01], [ACUN 01].
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Fig.4 Measured near-field distributions of a single SRR and a periodic array of identical SRRs

Molecular sensing with metamaterials: Sensor applications are another growth area in metamaterials research where planar structures with narrow resonances are well suited to detect low-concentration analytes; for instance, a single molecular layer of carbon can induce a multifold change in the transmission of a metamaterial [DRIS 01], [PAPA 01], [OHAR 01]. A process is demonstrated for tuning the magnetic resonance frequency of a fixed split-ring resonator array, by way of adding material near the split-ring elements. Applying drops of a silicon-nanospheres/ethanol solution to the surface of the sample decreases the magnetic resonance frequency of the split-ring array in incremental steps of 0.03 THz. The exhibited sensitivity of the split-ring resonance frequency to the presence of silicon nanospheres also suggests further application possibilities as a sensor device.
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Fig.5 Molecular sensing with metamaterials
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Fig.6

Terahertz wave controlling with metamaterials: Metamaterials offer an alternative in dynamic manipulation of terahertz waves. With some modification to metamaterials, their resonances can be turned on/off via an external stimulus, leading to a modulation depth in the transmission amplitude [PADI 02], [CHEN 01], [CHEN 02], [CHEN 03], [CHEN 04], [PAUL 01].
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Fig.7 Modulator by using metamaterials in terahertz region
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Fig.8 Metamaterial solid-state terahertz phase modulator
[image: ]
Fig.9 Modulator by using metamaterials
Broadening the bandwidth of terahertz metamaterials: The operation of ordinary metamaterials are confined within a narrow spectral range, since dispersive resonances are exploited to control the permittivity and permeability. This comes to a major hurdle for most applications that demand broadband operation. At various frequency bands, a number of solutions to the problem have been proposed, for example, multiresonance metamaterials [YUAN 01], [BING 01], [MIYA 01] and passive [AYDI 01], [SUN 01] or active [GIL 01], [GIL 02], [SHAD 01], [ZHAO 01], [WANG 01] resonance-tunable metamaterials [BING 01], [MIYA 02].
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Fig.10 Different metamaterial designs
[image: ]  [image: ]
Fig.11 Planar wallpaper group metamaterials
Substituting conventional terahertz components with metamaterials, 2D and 3D Metamaterials fabrication: Owing to their customizable electromagnetic properties, metamaterials have filled the terahertz gap where only a small number of natural materials can provide sufficiently useful characteristics. The consequences are immense in terms of potential terahertz devices. Discussed in this section, a variety of terahertz components based on terahertz metamaterials have been proposed. These include terahertz filters, perfect absorbers, quarter-wave plates, and much more to come [TAO 02], [STRI 01], [IMHO 01], [CASS 01], [WEN 01].
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Fig.12 Absorber
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Fig.13 2D SRR structures
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Fig.14 3D inclined SRR structures

4. METHODOLOGIES AND APPROACHES

Firstly, regarding the reference methodologies we propose to make in-deep search of the relevant public activities related with metamaterials science and technology applied in military systems. A relevant methodology is to analyse the literature and patent applications. This activity will conduct to a technology forecast on how the performance of the technology is likely to evolve in two ways, the first one related with the evolution from today and ten years ahead, and the second one from ten years ahead to 20 years ahead.
Because it is very important to quantify the forecasts in order to give an assessment of how performance parameters of the studied systems are likely to develop, e.g. detection distance or RCS reduction, we will do a review of the metamaterials science and technology state-of-the-art and to identify possible military applications and projects. In this way we will be able to argue the forecasts with proper references. In this sense, the probable geographic localisation of the leader of a certain development could be identified.
Because the proposed methodology, it will be possible to assess the possible impact that the forecasted technology developments may have on the future performance of military systems and new capabilities that do not exist today will be identified.
The following approaches will be applied for the realization of the proposed project: firstly the identification of the technological limits that metamaterials science and technology can achieve and therefore they will be evaluated in order to consider them for military systems and to produce the desired forecasts above mentioned. The search of publications in journals and patent applications is a relevant approach to be followed. For the geographic localization of these activities we have followed a similar approach and we have concentrated in Europe.


5. RESULTS ON THE FORECAST UP TO 10 YEARS AND LOCALIZATION  

The first forecast for the short term (3 to 5 years) is the confirmation that electromagnetic (mostly at RF and Microwaves) metamaterials areable to produce real improvements in conventional state-of-the-art antenna, filter, radome, and signature reduction technologies. Enhanced antenna gain, increase of bandwidth, low loss, among others, is the aimed goal. 
This is a very important objective because up to now this issue is still under discussion due to the existence of cases where this has been confirmed and other cases where conventional technologies has not been beated. 
Therefore, an important research effort to elucidate this question is still necessary. In particular, zero index metamaterials could be a revolutionary technology if they are able to surpass the above cited goals.
The case of Terahertz, Infrarred and optical metamaterials are at a less mature level and this implies that their real demonstration of effectiveness to surpass today’s state-of-the-art will need more time. In this sense, the forecast will be placed at 5 to 7 years for terahertz metamaterials and for infrared and optical ones we envisage a time horizon of 5 to 10 years.
For acoustic metamaterials, as we have mentioned in the previous documents, it has to be taken in account that they are in a less mature phase and, for this reason the forecast for their confirmation can be placed for the next 5 to 10 years.
The case of cloaking is still more difficult because it is very improbable that a real invisibility can be achieved for all the electromagnetic spectrum and much more modest results have to be expected. Nevertheless, the extracted lessons could be very useful for the obtention of invisibility at some especific frequencies. The forecast can be placed from the next 5 to 10 years.
It can be expected that the next stage of metamaterials development will be the widespread use of active (gain-assisted, controllable and nonlinear) metamaterials and metamaterials for sensing and energy applications. The forecast can be placed for the next 3 to 8 years.
From our point of view, a radical advance is expected in expanding the metamaterial paradigm will occur when the arrays of classical plasmonic resonators found in today’s metamaterials are replaced with arrays of superconducting quantum interference devices to create truly quantum artificial electromagnetic media. This forecast, is expected to be competitive in the next 8 to 10 years due to the requested fabrication developments as it has been described in the previous reports. 
Based upon the previous point, we will be allowed to enter into the 10 to 20 years forecast which is a much more complex and especulative task.

Another question is the probable localization of the activities in the time interval from now up to the next 10 years. This is a very complex task but we can give some highlights based on the relevance of the researchers community active in metamaterials and, simultaneously, we will try to discern the general topics.
If one looks into the distribution of the participation in the past Metamaterials conference in Karlsruhe, Germany, last October 2010, the more active countries can be easily visualized, see Fig. 2, From these figure, it is clear the leading position of the USA in the field and the increase of the participation of China, but the European position is the most important. 
However, the European activities are fragmented and the number of European projects in the topic is scarce compared with the strong support for this research in the USA. The leading position is for Germany, followed by UK, Spain, France, Italy, and other European countries.
Now, we can analyse each one of these countries from the point of view of the main topics of research and, therefore, this could have a correlation with the location of the above cited forecast.
The case of Germany presents a strong activity in infrared and optical metamaterials having an intense experimental profile. We will highlight the activities at Karlsruhe Institute of Technology (KIT) and at the University of Stuttgart among many other excellent centers. Also, the activity in the Terahertz region is very relevant in several centers. The activities in the microwave part of the spectrum for military applications are covered by the Frunhofer Institute (FHR) and by other centers related with Aerospace activities. Also they have some industries with potential activity like EADS. This is an important consideration for the localization of future developments in metamaterials in Europe.
United Kingdom has a different profile. They have very relevant activities at the theoretical level and we have to remark the invisibility and cloaking fundamental research. The Imperial College of London is one of the most active among many others like Cardiff, Southampton, and others. The experimental research at infrared and optical wavelengths is also relevant at Imperial College, Southampton, Glasgow, and others. Terahertz activity is also important because they have some industries as it is the case of Thomas Keating Ltd., and others. The activities in microwaves are more distributed, we will mention Belfast, Imperial College, Bath, etc. The british industry is also involved in metamaterials applications for defense like BAE and Quinetic. As in the analysis of the previous country, this is a very relevant point for the localization of future developments in metamaterials technology in Europe.
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Fig. 2. The Metamaterials 2010 Conference held in Karlsruhe (Germany) attracted more than 380 participants and 314 papers were presented during the four days of the conference, with authors coming from 44 countries, see the distribution of participants. Taken from the web page of the Conference.

The case of Spain is very interesting because its relevant position is in contrast with its position in other research fields. The explanation can be the numerous community of researchers working in applied electromagnetics: antennas, microwaves, etc., since decades. The pioneers are Sevilla University more involved in fundamental research, the Autonomous University of Barcelona active in planar circuit technology and the Public University of Navarra active in experimental research on antennas, radomes, and terahertz. They have Spin-Offs active in metamaterials for defense and security. Other relevant experimental activities are in acoustics, infrared and optics at Politechnical University of Valencia and CSIC in Valencia and Madrid. Also the ICFO in Barcelona and Nanogune in San Sebastian are active in optics. 
The community working in metamaterials in France is concentrated in the universities and the CNRS of the Paris region, also in Marseille, in Lille, and Toulouse, among other important research centers distributed in the country. The activities extend from the RF and microwave experimental research, terahertz technology, and optics. The presence of institutions related with defense, like ONERA, being active in metamaterials research is a strong point. Also, a big defense involved company, THALES, participates in several projects where metamaterials are being considered. This is again a very relevant point for the localization of future developments in metamaterials technology in Europe.
The community of researchers active in metamaterials is also very big in Italy since decades and they have an important community in the USA. The profile is concentrated in applied electromagnetics with a relevant involvement in numerical methods for computational electromagnetics. The universities of Roma region, Siena, Peruggia, and others are very active in theoretical electromagnetics, antennas, microwaves, etc. The presence of industries like SELEX and Finmeccanica, interested in metamaterials research is also relevant.
To conclude this section, we can highlight some other European countries active in metamaterials, Finland has an active community in fundamental and applied electromagnetics and this explains its relevant position in the topic. Portugal, Denmark, Poland and other countries have also activity.
Also, we have to highlight the need of coordination of the different institutions which are founding metamaterials research in Europe like the European Union Research and Development Programs, the European Research Council, NATO, the European Space Agency, the European Southern Observatory, among others. It is important to define an European plan for metamaterials research with the aim to develop this topic to be take advantage of the brilliant generated ideas at European level and to help to consolidate the researchers potential that is being threathened by the economical shortcuts due to the crisis.
Not long after the first realization of metamaterials, these novel fascinating structures have already been developed into a number of practical terahertz devices, including filters, absorbers, switches, modulators, sensors, among other components, with their capabilities competitive to existing components. These developments have been assisted by intensive research into metamaterial terahertz interactions, the advancement of metamaterial designs, and the prevalence of fabrication facilities. Above all, a shortage of strong terahertz characteristics in natural materials has provided a great impetus driving the research area of terahertz metamaterials. Metamaterial research is a recent breakthrough that breaks the limited electromagnetic behavior of naturally occurring materials. Further research will alleviate the reliance on naturally occurring materials, by offering a wider range of customizable characteristics from artificial structures. This leads to a number of opportunities in developing new devices, for terahertz applications, where the use of existing materials lacks strong electromagnetic interactions. The rapid development of terahertz metamaterials will propel the advance in terahertz applications. We can envision applications of terahertz metamaterials in the areas of astronomy, biochemistry, medicine, security, and communication in the near future.


6. DISCUSION

A first important comment can be done from the previous information, it is related with the fact that probably the first period of time, from now up yo the next 5 years will be centered into the confirmation of the fact that electromagnetic (mostly at RF and Microwaves) metamaterials are able to produce real improvements in conventional state-of-the-art antenna, filter, radome, and signature reduction technologies. 
Later on, will came other technological breakthroughts like zero index metamaterials, cloaking, and Terahertz, Infrarred and Optical metamaterials which are at a less mature level.
The situation of Acoustic metamaterials can be placed at a more temporal distance.
Active (gain-assisted, controllable and nonlinear) metamaterials and metamaterials for sensing and energy applications are in the last part of the ten years. In this sense the replacement of arrays of classical plasmonic resonators found in today’s metamaterials by means of arrays of superconducting quantum interference devices to create truly quantum artificial electromagnetic media constitutes a very important long term objective at the frontier of this first ten year period and the second placed in between the next 10 to 20 years. As it has been said in the previous text, this second time interval is more complicated for the realization of forecasts and will have a more especulative carácter.
Looking to the probable localization of the activities in the time interval from now up to the next 10 years, from our previous analysis, the European leading countries in metamaterials research have been identified: Germany, followed by UK, Spain, France, Italy, and other European countries. Also, its areas of expertise and its potential of industry involvement have been highlighted.
As an important point, we wish to note that the European activities are very fragmented and the number of European projects in the topic is scarce compared with the strong support for this research in the USA. 
The coordination of the different institutions founding metamaterials research in Europe like the European Union Research and Development Programs, the European Research Council, NATO, the European Space Agency, the European Southern Observatory, among others is compulsive in order to help for topic maturation and to take advantage of the brilliant generated ideas at European level and to help to consolidate the researchers potential that is being threathened by the economical shortcuts due to the crisis. 






7. CONCLUSION

It has been presented some forecast for metamaterials development during the period of time comprised from now up to the next 10 years and its probable geographic. The description of the areas of expertise by countires is given with their relevant actors and possible industry involvement. Up to now, the usefulness of metamaterials is still under discussion due to the existence of cases where they have succeeded and other situations where conventional technologies have not been surpassed. RF, microwave, millimetre wave, terahertz, infrared, optical and acoustic metamaterials have been analysed giving a time scale of probable developments. The introduction of gain and controllable structures have been discussed and placed in the final part of the time axis. Advanced metamaterial technologies have been placed into the end of the ten years time period due to the needed fabrication methods advances to reach such devices. They overlap precticaly with the next forecast for a period comprised in between the next 10 to 20 years.
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