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            Abstract
In the 1980s, excess infrared emission was discovered around main-sequence stars; subsequent direct-imaging observations revealed orbiting disks of cold dust to be the source1. These ‘debris disks’ were thought to be by-products of planet formation because they often exhibited morphological and brightness asymmetries that may result from gravitational perturbation by planets. This was proved to be true for the β Pictoris system, in which the known planet generates an observable warp in the disk2,3,4,5. The nearby, young, unusually active late-type star AU Microscopii hosts a well-studied edge-on debris disk; earlier observations in the visible and near-infrared found asymmetric localized structures in the form of intensity variations along the midplane of the disk beyond a distance of 20 astronomical units6,7,8,9. Here we report high-contrast imaging that reveals a series of five large-scale features in the southeast side of the disk, at projected separations of 10–60 astronomical units, persisting over intervals of 1–4 years. All these features appear to move away from the star at projected speeds of 4–10 kilometres per second, suggesting highly eccentric or unbound trajectories if they are associated with physical entities. The origin, localization, morphology and rapid evolution of these features are difficult to reconcile with current theories.
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                    Figure 1: High-contrast images of the AU Mic debris disk.[image: ]


Figure 2: Extraction of disk substructure from the southeastern side.[image: ]


Figure 3: Disk features across three epochs.[image: ]


Figure 4: Projected speeds of the disk features.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Limit of detection to point sources.
The contrast is measured at 5σ using fake planets introduced to the data at discrete positions (circles) along the disk midplane to account for the self-subtraction of the ADI/KLIP algorithm. The dashed line defines the edge of the coronagraphic mask at 0.09″.


Extended Data Figure 2 Comparison of IRDIS and ZIMPOL images.
a and b show zoomed-in regions of the KLIP and LOCI reductions of the IRDIS infrared data, whereas c is taken from the conservative LOCI reduction of the ZIMPOL optical data. Features A and B are reproduced accurately in the ZIMPOL data. An additional substructure between feature B and the midplane is also detected, as indicated by arrows. The yellow star symbol indicates the position of the star.


Extended Data Figure 3 Spine of the disk measured in SPHERE IRDIS data.
The spine is measured using several reductions (noADI, ADI, KLIP) of the SPHERE IRDIS 2014 data. Average values and dispersions (error bars) are plotted as a blue line. For each region where a local maxima is identified, a Gaussian + first-order polynomial model is fitted in order to register precisely the five features.


Extended Data Figure 4 Central part of the SPHERE IRDIS image.
a shows a 12″ field of view of the SPHERE IRDIS image processed with the KLIP algorithm and b is a magnified version to indicate the bow-like deviation of the disk to the southeast in the central area (for separations shorter than ~0.7″). The horizontal dotted lines indicate the disk midplane.


Extended Data Figure 5 Positions of the disk features over time.
The positions of the features measured in the SPHERE and HST images are plotted as circles together with peak-to-valley error bars (in some cases, the errors are smaller than the symbol size). Linear fits on these three epochs illustrate the possible track of each feature. The black symbols show the location at which various inhomogeneities were reported in the literature, on the basis of older data6,7,8,9. The colour coding is the same as in Fig. 4.


Extended Data Table 1 Registration of featuresFull size table
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Cutting a dash in the AU Mic debris disk
High-contrast imaging of the active young star AU Microscopii reveals five mysterious large-scale features in the southeast side of its 'debris disk', moving away from the star at a projected speed of 4–10 kilometres per second. The so-called debris disks found around stars in the 1980s were thought to be byproducts of planet formation as they often exhibited morphological and brightness asymmetries that may have resulted from gravitational perturbation by planets. This assumption was proven correct for the β Pictoris system, but the exact nature and origin of the fast-moving features in the AU Mic disk are unknown.
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