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            Abstract
The existence of massive (1011 solar masses) elliptical galaxies by redshift z ≈ 4 (refs 1, 2, 3; when the Universe was 1.5 billion years old) necessitates the presence of galaxies with star-formation rates exceeding 100 solar masses per year at z > 6 (corresponding to an age of the Universe of less than 1 billion years). Surveys have discovered hundreds of galaxies at these early cosmic epochs, but their star-formation rates are more than an order of magnitude lower4. The only known galaxies with very high star-formation rates at z > 6 are, with one exception5, the host galaxies of quasars6,7,8,9, but these galaxies also host accreting supermassive (more than 109 solar masses) black holes, which probably affect the properties of the galaxies. Here we report observations of an emission line of singly ionized carbon ([C ii] at a wavelength of 158 micrometres) in four galaxies at z > 6 that are companions of quasars, with velocity offsets of less than 600 kilometres per second and linear offsets of less than 100 kiloparsecs. The discovery of these four galaxies was serendipitous; they are close to their companion quasars and appear bright in the far-infrared. On the basis of the [C ii] measurements, we estimate star-formation rates in the companions of more than 100 solar masses per year. These sources are similar to the host galaxies of the quasars in [C ii] brightness, linewidth and implied dynamical mass, but do not show evidence for accreting supermassive black holes. Similar systems have previously been found at lower redshift10,11,12. We find such close companions in four out of the twenty-five z > 6 quasars surveyed, a fraction that needs to be accounted for in simulations13,14. If they are representative of the bright end of the [C ii] luminosity function, then they can account for the population of massive elliptical galaxies at z ≈ 4 in terms of the density of cosmic space.
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                    Figure 1: Images and spectra of the quasars and their companion galaxies discovered in this study.


Figure 2: Velocity structure in the system PJ308−21.


Figure 3: Intensely star-forming galaxies in the earliest galactic overdensities.
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Quasar quest reveals rapidly star-forming galaxies
Giant elliptical galaxies have already been observed in place at a redshift of 4. This necessitates the existence of galaxies at higher redshifts forming stars at extremely high rates, but such galaxies have hitherto not been seen. Roberto Decarli et al. report the discovery of four galaxies sitting next to the host galaxies of quasars at redshifts exceeding 6 and forming stars at the requisite rates. Simulations of galaxy and structure formation did not predict the presence of such galaxies, and they were found by accident as part of a study of quasar hosts. If these galaxies are representative of a previously unseen population, the frequency is high enough to explain the massive elliptical galaxies.
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