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            Abstract
Massive galaxies are thought to form in two phases: an initial collapse of gas and giant burst of central star formation, followed by the later accretion of material that builds up their stellar and dark-matter haloes1,2,3,4. The systems of globular clusters within such galaxies are believed to form in a similar manner. The initial central burst forms metal-rich (spectrally red) clusters, whereas more metal-poor (spectrally blue) clusters are brought in by the later accretion of less-massive satellites5,6,7,8,9,10. This formation process is thought to result in the multimodal optical colour distributions that are seen in the globular cluster systems of massive galaxies8,11,12. Here we report optical observations of the massive relic-galaxy candidate NGC 1277â€”a nearby, un-evolved example of a high-redshift â€˜red nuggetâ€™ galaxy13,14,15,16,17. We find that the optical colour distribution of the cluster system of NGC 1277 is unimodal and entirely red. This finding is in strong contrast to other galaxies of similar and larger stellar mass, the cluster systems of which always exhibit (and are generally dominated by) blue clusters11. We argue that the colour distribution of the cluster system of NGC 1277 indicates that the galaxy has undergone little (if any) mass accretion after its initial collapse, and use simulations of possible merger histories to show that the stellar mass due to accretion is probably at most ten per cent of the total stellar mass of the galaxy. These results confirm that NGC 1277 is a genuine relic galaxy and demonstrate that blue clusters constitute an accreted population in present-day massive galaxies.
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                    Figure 1: Spatial distribution of clusters in the HST/ACS field.


Figure 2: The colour distribution of clusters in NGC 1277 compared with that of the composite cluster system.


Figure 3: The fraction of blue clusters in galaxies of a given stellar mass.


Figure 4: Predictions from the simulated merger histories of NGC 1277.
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Extended data figures and tables

Extended Data Figure 1 Colour-composite HST image of the massive relic galaxy NGC 1277.
The image was constructed from g475W + r625W + z850LP bands. The g475W and z850LP imaging was obtained with the HST programme GO-14215 and the r625W imaging with the programme GO-10546. NGC 1277 is the best example found so far in the nearby Universe with characteristics equivalent to those of the first massive galaxies to form more than 11 Gyr ago. The image is oriented with north pointing up and east to the left. The field of view is 42.2 arcsecâ€‰Ã—â€‰30.6 arcsec, corresponding to a physical scale of 14.5 kpcâ€‰Ã—â€‰10.5 kpc at our adopted distance of 73.3 Mpc to the galaxy. The images have been scaled with logarithmic intensity to highlight the various structures in the galaxy. The vast majority of point sources surrounding NGC 1277 are clusters associated with the galaxy. Two example clusters have been marked with ticks.


Extended Data Figure 2 Colourâ€“magnitude diagrams of cluster candidates.
From left to right, the plots show all point sources in the field, NGC 1278 clusters, raw (not background-corrected) NGC 1277 clusters and an example background field. Also shown are the photometric uncertainties (1Ïƒ; blue crosses) based on our artificial point-source test, and the 100% completeness limit (red dashed lines; see Methods).


Extended Data Figure 3 Surface-density profile of NGC 1277 clusters.
The figure shows the raw (blue circles) and completeness-corrected (orange stars) counts. Uncertainties are 16thâ€“84th percentiles. Within the range 3â€“10 kpc, the clusters closely follow the light distribution of the galaxy. This is typical of red clusters. The background is determined from the SÃ©rsic function fits (which include a background term; green line) to the cluster data and defines the radial extent of the cluster system, which ends at 11 kpc (about 10Re). The stellar-mass density profile15 (red line) has arbitrary normalization. GCs, globular clusters.


Extended Data Figure 4 Colour distribution of clusters in NGC 1277 compared with that for the companion galaxy in projection NGC 1278.
The figure shows that NGC 1278 (blue) has a strong peak of blue clusters that is not seen in NGC 1277 (orange). The expected background contamination of NGC 1278 clusters and of intracluster clusters to the cluster system of NGC 1277, with which we have corrected the colour distribution of NGC 1277, is also shown (green). The predominantly blue colours of the contaminating clusters is expected because they correspond to the outskirts of NGC 1278 (see Fig. 1). Solid curves are two-Gaussian solutions from the GMM code28; dashed curves are individual Gaussian components from GMM. A single Gaussian fit to the NGC 1277 clusters with GMM gives ã€ˆg475W âˆ’ z850LPã€‰â€‰=â€‰1.22â€‰Â±â€‰0.03, with a FWHM of 0.28â€‰Â±â€‰0.02.


Extended Data Figure 5 Distribution of the blue cluster fraction from Monte Carlo simulations.
The vertical dashed lines indicate the medians of the distributions and the vertical dotted lines show the 16th and 84th percentiles.


Extended Data Figure 6 Colour distributions of NGC 1277 and NGC 1278 in three magnitude bins.
The bin values for the NGC 1277 clusters represent the medians of the bin values from Monte Carlo simulations. Uncertainties are the 16thâ€“84th percentiles of the distributions.


Extended Data Figure 7 Accretion models for the build-up of the NGC 1277 cluster system.
Each point is a single merger history for NGC 1277, characterized by the total fraction of accreted stellar mass versus the number ratio of in situ to accreted clusters for that realization. The observed ratio for NGC 1277 is indicated by the cyan dashed line (Nblue/Nredâ€‰=â€‰0.21) and is characteristic of galaxies with merger histories leading to faccâ€‰â‰ˆâ€‰10% (orange). The cyan arrow indicates that the in situ fraction is a lower limit. Galaxies with comparable stellar mass to NGC 1277 in the ACS VCS tend to have equal numbers of blue and red clusters, which is more common for accretion histories of faccâ€‰â‰ˆâ€‰50%â€“90% (green). The extremely rare (about 0.02%) high-mass-accretion realizations, which produce the observed blue/red fraction in NGC 1277, are shown in magenta. Contours represent 10%, 25%, 50%, 75%, 90% and 99% of the maximum of the two-dimensional distribution.


Extended Data Figure 8 Predictions of galaxy properties from accretion models.
From left to right, the black lines show the accretion fraction, the number of mergers, the maximum mass ratio of the merger and the final ratio of stellar to dark-matter mass for all of the merger realizations. The magenta distributions (top) show the high-facc merger histories that satisfy the constraint on the colour ratio of the clusters (which happens rarely; see, for example, Extended Data Fig. 7). The cyan distributions (bottom) show the low-facc merger histories that satisfy the observed colour ratio of the clusters and the SN constraints. The high-accretion-fraction models (magenta) also predict a dark-matter-halo mass for NGC 1277 that is larger than the observational constraints17 (indicated by the arrow in the bottom right panel). The vertical dashed lines represent the median of the distributions and the vertical dotted lines show the 16th and 84th percentiles.
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        Editorial Summary
Red globular clusters around a 'red nugget' galaxy
Globular clusters are relatively dense masses of stars bound together in a spherical shape by gravity, and are found around most galaxies. They are thought to form in two phases. The initial burst of star formation in the early collapse phase of galaxy evolution leads to a population of metal-rich red clusters. A second phase of cluster formation is triggered when gas is accreted from mergers with smaller galaxies. These clusters are metal-poor and blue, and tend to dominate the populations of large galaxies. Michael Beasley and colleagues measured the optical colours of the globular clusters around the galaxy NGC 1277, which is thought to be a local counterpart to the 'red nugget' galaxies seen at high redshift. The clusters around NGC 1277 are exclusively red, suggesting that the galaxy has accreted little gas since it first formed.
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