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            Abstract
In the past decade, our understanding of galaxy evolution has been revolutionized by the discovery that luminous, dusty starburst galaxies were 1,000 times more abundant in the early Universe than at present1,2. It has, however, been difficult to measure the complete redshift distribution of these objects, especially at the highest redshifts (z > 4). Here we report a redshift survey at a wavelength of three millimetres, targeting carbon monoxide line emission from the star-forming molecular gas in the direction of extraordinarily bright millimetre-wave-selected sources. High-resolution imaging demonstrates that these sources are strongly gravitationally lensed by foreground galaxies. We detect spectral lines in 23 out of 26 sources and multiple lines in 12 of those 23 sources, from which we obtain robust, unambiguous redshifts. At least 10 of the sources are found to lie at z > 4, indicating that the fraction of dusty starburst galaxies at high redshifts is greater than previously thought. Models of lens geometries in the sample indicate that the background objects are ultra-luminous infrared galaxies, powered by extreme bursts of star formation.
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                    Figure 1: 
                        Near-infrared and ALMA submillimetre-wavelength images of SPT targets.
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Figure 2: 
                        ALMA 3 mm spectra of 26 SPT sources.
                      [image: ]


Figure 3: 
                        The cumulative redshift distribution of luminous dusty starburst galaxies, as measured with different techniques.
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ALMA focused on star-forming galaxies
Luminous, dusty, starburst galaxies were abundant in the early Universe, but it has been difficult to measure the complete redshift distribution of these objects, especially at the highest redshifts. The ALMA interferometer in Chile, now coming on-stream, provides high-resolution imaging at the millimetre/submillimetre wavelengths at which star-forming gases are best observed. Using ALMA, Joaquin Vieira and co-workers targeted carbon monoxide line emissions from gravitationally lensed galaxies discovered in a wide-field survey using the South Pole Telescope. The ten z > 4 objects revealed in this work more than double the number of spectroscopically confirmed, ultra-luminous galaxies discovered at extreme redshifts. Two sources at z = 5.7 are among the most distant ultra-luminous starburst galaxies known, seen as they were about a billion years after the Big Bang.
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