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            Abstract
Our Galaxy is thought to have an active evolutionary history, dominated over the past ten billion years or so by star formation, the accretion of cold gas and, in particular, the merging of clumps of baryonic and dark matter1,2. The stellar halo—the faint, roughly spherical component of the Galaxy—reveals rich ‘fossil’ evidence of these interactions, in the form of stellar streams, substructures and chemically distinct stellar components3,4,5. The effects of interactions with dwarf galaxies on the content and morphology of the Galactic disk are still being explored. Recent studies have identified kinematically distinct stellar substructures and moving groups of stars in our Galaxy, which may have extragalactic origins6,7. There is also mounting evidence that stellar overdensities (regions with greater-than-average stellar density) at the interface between the outer disk and the halo could have been caused by the interaction of a dwarf galaxy with the disk8,9,10. Here we report a spectroscopic analysis of 14 stars from two stellar overdensities, each lying about five kiloparsecs above or below the Galactic plane—locations suggestive of an association with the stellar halo. We find that the chemical compositions of these two groups of stars are almost identical, both within and between these overdensities, and closely match the abundance patterns of stars in the Galactic disk. We conclude that these stars came from the disk, and that the overdensities that they are part of were created by tidal interactions of the disk with passing or merging dwarf galaxies11,12.
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                    Figure 1: Locations of the observed stars in Galactocentric Cartesian coordinates.[image: ]


Figure 2: Chemical abundances of the observed stars.[image: ]


Figure 3: Comparison of the positions of the observed stars with an N-body simulation.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Chemical abundances of the observed stars.
a, b, Chemical abundance ratios [Mg/Fe] (a) and [Ti/Fe] (b), plotted against metallicity ([Fe/H]), in the TriAnd and A13 overdensities, as well as in Milky Way disk and halo stars; the Fornax and Sagittarius (Sgr) dwarf spheroidal galaxies (dSph); open clusters in the Galactic outer disk; and globular clusters (with error bars reflecting intracluster abundance variation, derived as the r.m.s. variance of the sample, with N = 13 for the M3 cluster and N = 25 for M71). Source data are provided in Extended Data Tables 1 and 3.

                          Source data
                        


Extended Data Figure 2 Comparison of the observed spectrum of elemental abundances and a model spectrum for a star in the A13 overdensity.
Shown are the Keck spectrum of the star 2MASS 07154242+6704006 (grey dots) and the best-fit model spectrum (red line). We used the Na i lines at 6,154 Å and 6,160 Å to determine the Na abundance of the star.

                          Source data
                        


Extended Data Figure 3 Line-of-sight velocities (vlos) of the observed stars, plotted against Galactic longitude (l).
GSR, Galactic standard of rest. See Methods for further details.


Extended Data Table 1 Coordinates and 2MASS photometric magnitudes of the observed starsFull size table


Extended Data Table 2 Radial velocities, stellar parameters and distances of the observed starsFull size table


Extended Data Table 3 Chemical abundances of oxygen, magnesium, sodium, titanium, europium and barium in the observed starsFull size table





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3




Source data
Source data to Fig. 1

Source data to Extended Data Fig. 2

Source data to Extended Data Fig. 3




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Bergemann, M., Sesar, B., Cohen, J. et al. Two chemically similar stellar overdensities on opposite sides of the plane of the Galactic disk.
                    Nature 555, 334–337 (2018). https://doi.org/10.1038/nature25490
Download citation
	Received: 18 August 2017

	Accepted: 11 December 2017

	Published: 26 February 2018

	Issue Date: 15 March 2018

	DOI: https://doi.org/10.1038/nature25490


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
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Interactions and mergers are thought to dominate the early histories of most galaxies, ours included. Two groups of stars that are kinematically distinct from the surrounding halo stars have been found about 5 kiloparsecs above and below the plane of the Milky Way. Maria Bergemann and colleagues used spectroscopic studies of 14 of the brightest of these stars to determine their chemical abundances. They find that the two groups have the same abundance patterns, which also match the patterns of stars in the Galactic disk. They conclude that the groups were removed from the disk as a result of tidal interactions with passing or merging dwarf galaxies.
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