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            Abstract
Galaxy formation is believed to proceed in a â€˜bottom upâ€™ manner, starting with the formation of small clumps of gas and stars that then merge hierarchically into giant systems1,2. The baryonic gas loses thermal energy by radiative cooling and falls towards the centres of the new galaxies, while supernovae blow gas out3,4. Any realistic model therefore requires a proper treatment of these processes, but hitherto this has been far from satisfactory5. Here we report a simulation that follows evolution from the earliest stages of galaxy formation through the period of dynamical relaxation, at which point the resulting galaxy is in its final form. The bubble structures of gas revealed in our simulation (for times of less than 3 Ã— 108â€‰years) resemble closely high-redshift Lyman-Î± emitters6,7. After 109â€‰years, these bodies are dominated by stellar continuum radiation and then resemble the Lyman break galaxies8,9, which are high-redshift star-forming galaxies. At this point, the abundance of elements heavier than helium (â€˜metallicityâ€™) appears to be solar. After 1.3 Ã— 1010â€‰years, these galaxies resemble present-day ellipticals.
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                    Figure 1: 
                        Simulation of the first 1â€‰Gyr of a proto-galaxy with total mass 10
                        11
                        M
                        
                        âŠ™
                         (1â€‰Gyr = 10
                        9
                        â€‰yr, 
                        M
                        
                        âŠ™
                         indicates solar mass).
                      


Figure 2: 
                        The formation epochs (
                        t
                        ) of stars as a function of stellar oxygen abundance, [O/H].
                      


Figure 3: 
                        Emissions and star formation history.
                      


Figure 4: 
                        Comparison of the simulation and observation.
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        Editorial Summary
Galactic voyage
Galaxies are thought to form via a series of assemblies between clumps of gas and stars, and to evolve by repeated enrichment with heavy elements from supernova explosions. The relationship between the distant irregular galaxies seen at high redshifts, as they were 13 billion years ago, and present-day galaxies is uncertain. But now an ultra-high-resolution numerical simulation has succeeded in modelling both the formation of primeval irregular galaxies and their evolution into ellipticals. The model shows that after a billion years, the system resembles a â€˜Lyman breakâ€™ galaxy and the abundance of heavy elements is already solar. A collision-free process lasting over 10 billion years then results in the evolution of an elliptical galaxy. The cover shows an early stage in the evolution, at 0.3 billion years. At about this time, multiple supernova explosions trigger star formation and also expel some of the gas into space.
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