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            Abstract
A great deal of attention has recently been focused on a new class of smart materialsâ€”so-called left-handed mediaâ€”that exhibit highly unusual electromagnetic properties and promise new device applications1,2,3,4,5,6. Left-handed materials require negative permeability Âµ, an extreme condition that has so far been achieved only for frequencies in the microwave to terahertz range7,8,9,10,11. Extension of the approach described in ref. 7 to achieve the necessary high-frequency magnetic response in visible optics presents a formidable challenge12,13,14,15, as no materialâ€”natural or artificialâ€”is known to exhibit any magnetism at these frequencies. Here we report a nanofabricated medium consisting of electromagnetically coupled pairs of gold dots with geometry carefully designed at a 10-nm level. The medium exhibits a strong magnetic response at visible-light frequencies, including a band with negative Âµ. The magnetism arises owing to the excitation of an antisymmetric plasmon resonance. The high-frequency permeability qualitatively reveals itself via optical impedance matching. Our results demonstrate the feasibility of engineering magnetism at visible frequencies and pave the way towards magnetic and left-handed components for visible optics.
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                    Figure 1: 
                        Nanofabricated medium with magnetic response at optical frequencies.
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Figure 2: 
                        Experimental reflection spectra for our nanostructured media.
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Figure 3: 
                        Numerical simulations of optical response for interacting Au pillars.
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Figure 4: 
                        Example of fitting the experimental reflection spectra with theory.
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        Editorial Summary
The search for perfection
So-called left-handed materials were first raised as a possibility by Russian theorist Victor Veselago. Engineered for negative permeability and permittivity, their effect on electromagnetic radiation would be the exact opposite to that of natural materials. More recently, it was realized that left-handed materials might be used to make a perfect lens, capable of focusing light much more narrowly than conventional optics. Materials of this type have now been synthesized, but so far the phenomenon has been restricted to microwave wavelengths. Now Grigorenko et al. demonstrate the feasibility of left-handed materials for visible light. To extend the frequency range of magnetic response by three orders of magnitude required a very different design for the new material, entering the area of â€˜plasmon opticsâ€™. So the groundwork for a â€˜perfect lensâ€™ suitable for optical microscopes may now be in place, although considerable technical challenges lie ahead.
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