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            Abstract
A quantum point contact (QPC) is a basic nanometre-scale electronic device: a short and narrow transport channel between two electron reservoirs. In clean channels, electron transport is ballistic and the conductance is then quantized as a function of channel width1,2 with plateaux at integer multiples of 2e2/h (where e is the electron charge and h is Planck’s constant). This can be understood in a picture where the electron states are propagating waves, without the need to account for electron–electron interactions. Quantized conductance could thus be the signature of ultimate control over nanoscale electron transport. However, even studies with the cleanest QPCs generically show significant anomalies in the quantized conductance traces, and there is consensus that these result from electron many-body effects3,4. Despite extensive experimental and theoretical studies4,5,6,7,8,9,10,11, understanding these anomalies is an open problem. Here we report that the many-body effects have their origin in one or more spontaneously localized states that emerge from Friedel oscillations in the electron charge density within the QPC channel. These localized states will have electron spins associated with them, and the Kondo effect—related to electron transport through such localized electron spins—contributes to the formation of the many-body state5,6,7. We present evidence for such localization, with Kondo effects of odd or even character, directly reflecting the parity of the number of localized states; the evidence is obtained from experiments with length-tunable QPCs that show a periodic modulation of the many-body properties with Kondo signatures that alternate between odd and even Kondo effects. Our results are of importance for assessing the role of QPCs in more complex hybrid devices12,13 and for proposals for spintronic and quantum information applications14,15. In addition, our results show that tunable QPCs offer a versatile platform for investigating many-body effects in nanoscale systems, with the ability to probe such physics at the level of a single site.
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                    Figure 1: Conductance of quantum point contacts.[image: ]


Figure 2: Length-tunable QPCs.[image: ]


Figure 3: ZBAs in the nonlinear conductance of a QPC6F.[image: ]


Figure 4: Comparison between experiments and theory of the Anderson model for a two-impurity Kondo system.[image: ]
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        Editorial Summary
A solution to the '0.7-anomaly' in quantum point contacts?
A paper from Michael Pepper's group at the Cavendish Laboratory, published in 1996, first described what has become known as the '0.7-anomaly' in the conductance of a quantum point contact (QPC). A QPC, a narrow constriction of a width comparable to the wavelength of an electron, is quantized in units of 2e2/h but when measured it features a shoulder at around 0.7 of the conductance quantum. The origin of this effect has remained a subject of controversy since its discovery, but in this issue of Nature two groups present independent studies that go a long way towards explaining this apparently anomalous behaviour. Both find evidence to support the involvement of a quasi-bound state resembling that seen in the Kondo effect, although Bauer et al. report that at higher energy levels, the one-dimensional nature of the lowest energy bands in the point contact becomes more important.
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