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            Abstract
Recent work has shown that the Milky Way and the Andromeda galaxies both possess the unexpected property that their dwarf satellite galaxies are aligned in thin and kinematically coherent planar structures1,2,3,4,5,6,7. It is interesting to evaluate the incidence of such planar structures in the larger galactic population, because the Local Group may not be a representative environment. Here we report measurements of the velocities of pairs of diametrically opposed satellite galaxies. In the local Universe (redshift zÂ <Â 0.05), we find that satellite pairs out to a distance of 150Â kiloparsecs from the galactic centre are preferentially anti-correlated in their velocities (99.994 per cent confidence level), and that the distribution of galaxies in the larger-scale environment (out to distances of about 2Â megaparsecs) is strongly clumped along the axis joining the inner satellite pair (>7Ïƒ confidence). This may indicate that planes of co-rotating satellites, similar to those seen around the Andromeda galaxy, are ubiquitous, and their coherent motion suggests that they represent a substantial repository of angular momentum on scales of about 100Â kiloparsecs.
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                    Figure 1: Satellite correlation test.[image: ]


Figure 2: Anti-correlated satellites in the SDSS.[image: ]


Figure 3: Correlation with environment.[image: ]
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Extended Data Figure 1 Adopted velocity envelope relation.
Dots mark the distanceâ€“velocity distribution of satellites in the MS2 simulation that surround isolated host galaxies of similar luminosity and mass to the Milky Way32. The empirical envelope relation shown in red (300exp[âˆ’(300Â kpc/R)0.8]Â kmÂ sâˆ’1) is used in our analysis as a means to reduce contamination from velocity outliers.
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Both the Milky Way and the Andromeda galaxies are associated with a number of dwarf satellite galaxies apparently co-rotating in the same plane. This paper suggests that such co-rotating planes of satellites may be ubiquitous. Rodrigo Ibata and colleagues measured the velocities of pairs of diametrically opposed satellite galaxies in the local Universe and found that out to a distance of 150 kiloparsecs they are preferentially anti-correlated; in the larger-scale environment, out to about 2 megaparsecs, galaxies are distributed mainly in clumps along the axis joining the inner satellite pair.
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