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            Abstract
To understand the evolution of galaxies, we need to know as accurately as possible how many galaxies were present in the Universe at different epochs1. Galaxies in the young Universe have hitherto mainly been identified using their expected optical colours2,3,4, but this leaves open the possibility that a significant population remains undetected because their colours are the result of a complex mix of stars, gas, dust or active galactic nuclei. Here we report the results of a flux-limited I-band survey of galaxies at look-back times of 9 to 12 billion years. We find 970 galaxies with spectroscopic redshifts between 1.4 and 5. This population is 1.6 to 6.2 times larger than previous estimates2,3,4, with the difference increasing towards brighter magnitudes. Strong ultraviolet continua (in the rest frame of the galaxies) indicate vigorous star formation rates of more than 10–100 solar masses per year. As a consequence, the cosmic star formation rate representing the volume-averaged production of stars is higher than previously measured at redshifts of 3 to 4.
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                    Figure 1: Average spectra of VVDS galaxies.[image: ]


Figure 2: Galaxy surface density.[image: ]


Figure 3: The ( u – g, g – r ) colour diagram of the VVDS high-redshift galaxies.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The effects of genetic and modifiable risk factors on brain regions vulnerable to ageing and disease
                                        
                                    

                                    
                                        Article
                                         Open access
                                         27 March 2024
                                    

                                

                                Jordi Manuello, Joosung Min, … Gwenaëlle Douaud

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        High-throughput prediction of protein conformational distributions with subsampled AlphaFold2
                                        
                                    

                                    
                                        Article
                                         Open access
                                         27 March 2024
                                    

                                

                                Gabriel Monteiro da Silva, Jennifer Y. Cui, … Brenda M. Rubenstein

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Genome-wide association studies
                                        
                                    

                                    
                                        Article
                                        
                                         26 August 2021
                                    

                                

                                Emil Uffelmann, Qin Qin Huang, … Danielle Posthuma

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	White, S. D. M. & Frenk, C. S. Galaxy formation through hierarchical clustering. Astrophys. J. 379, 52–79 (1991)
Article 
    ADS 
    
                    Google Scholar 
                

	Steidel, C. C., Giavalisco, M., Pettini, M., Dickinson, M. & Adelberger, K. L. Spectroscopic confirmation of a population of normal star-forming galaxies at redshifts z &gt; 3. Astrophys. J. 462, L17–L21 (1996)
Article 
    ADS 
    
                    Google Scholar 
                

	Steidel, C. C., Adelberger, K. L., Giavalisco, M., Dickinson, M. & Pettini, M. Lyman-break galaxies at z > ∼4 and the evolution of the ultraviolet luminosity density at high redshift. Astrophys. J. 519, 1–17 (1999)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Steidel, C. C. et al. A survey of star-forming galaxies in the 1.4 < ∼z < ∼2.5 redshift desert: overview. Astrophys. J. 604, 534–550 (2004)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Glazebrook, K. et al. A faint galaxy redshift survey to B = 24. Mon. Not. R. Astron. Soc. 273, 157–168 (1995)
Article 
    ADS 
    
                    Google Scholar 
                

	Lilly, S. J., Le Fèvre, O., Crampton, D., Hammer, F. & Tresse, L. The Canada-France Redshift Survey. I. Introduction to the survey, photometric catalogs, and surface brightness selection effects. Astrophys. J. 455, 50–59 (1995)
Article 
    ADS 
    
                    Google Scholar 
                

	Le Fèvre, O., Crampton, D., Lilly, S. J., Hammer, F. & Tresse, L. The Canada-France Redshift Survey. II. Spectroscopic program: Data for the 0000–00 and 1000 + 25 Fields. Astrophys. J. 455, 60–74 (1995)
Article 
    ADS 
    
                    Google Scholar 
                

	Cowie, L. L., Hu, E. M. & Songaila, A. Detection of massive forming galaxies at redshifts z &gt; 1. Nature 377, 603–605 (1995)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Cimatti, A. et al. The K20 survey. I. Disentangling old and dusty star-forming galaxies in the ERO population. Astron. Astrophys. 381, 68–72 (2002)
Article 
    ADS 
    
                    Google Scholar 
                

	Le Fèvre, O. et al. The VIMOS VLT Deep Survey — First epoch VVDS-deep survey: 11564 spectra with 17.5 ≤ IAB ≤ 24, and the redshift distribution over 0 &lt; z ≤ 5. Astron. Astrophys. (in the press); preprint at http://arxiv.org/astro-ph/0409133 (2004).

	Kennicutt, R. S. Star formation in galaxies along the Hubble sequence. Annu. Rev. Astron. Astrophys. 36, 189–232 (1998)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Ando, M. et al. Lyman break galaxies at z∼5: Rest-frame ultraviolet spectra. Astrophys. J. 610, 635–641 (2004)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Somerville, R. et al. Cosmic variance in the Great Observatories Origins Deep Survey. Astrophys. J. 600, L71–L74 (2004)
Article 
    
                    Google Scholar 
                

	Pascarelle, S. M., Lanzetta, K. M. & Fernández-Soto, A. The ultraviolet luminosity density of the Universe from photometric redshifts of galaxies in the Hubble deep field. Astrophys. J. 508, L1–L4 (1998)
Article 
    ADS 
    
                    Google Scholar 
                

	Foucaud, S. et al. The Canada-France deep fields survey-II: Lyman-break galaxies and galaxy clustering at z∼3. Astron. Astrophys. 409, 835–850 (2003)
Article 
    ADS 
    
                    Google Scholar 
                

	Bentz, M. C., Osmer, P. S. & Weinberg, D. H. Bright Lyman break galaxy candidates in the Sloan Digital Sky Survey first data release. Astrophys. J. 600, L19–L22 (2004)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Lehnert, M. & Bremer, M. Luminous Lyman break galaxies at z &gt; 5 and the source of reionization. Astrophys. J. 593, 630–639 (2003)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Förster Schreiber, N. M. et al. A substantial population of red galaxies at z &gt; 2: Modeling of the spectral energy distributions of an extended sample. Astrophys. J. 616, 40–62 (2004)
Article 
    ADS 
    
                    Google Scholar 
                

	Chapman, S. C., Blain, A. W., Ivison, R. J. & Smail, I. A median redshift of 2.4 for galaxies bright at submillimetre wavelengths. Nature 422, 695–698 (2003)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Giavalisco, M. et al. The rest-frame ultraviolet luminosity density of star-forming galaxies at redshifts z &gt; 3.5. Astrophys. J. 600, 103–106 (2004)
Article 
    ADS 
    
                    Google Scholar 
                

	Bunker, A. et al. The star formation rate of the Universe at z∼6 from the Hubble Ultra-Deep Field. Mon. Not. R. Astron. Soc. 355, 374–384 (2004)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We thank the ESO for continuous support of this programme; the CNRS, the University of Provence and the Italian INAF for funding; and S. J. Lilly and A. Renzini for discussions. The observations reported here are based on observations obtained at the European Southern Observatory Very Large Telescope, and on data products produced at TERAPIX and the Canadian Astronomy Data Centre as part of the Canada-France-Hawaii Telescope Legacy Survey, a collaborative project of NRC and CNRS.


Author information
Authors and Affiliations
	Laboratoire d'Astrophysique de Marseille, OAMP, UMR6110, CNRS, Université de Provence Aix-Marseille I, BP8, F-13376 cedex 12, Marseille, France
O. Le Fèvre, S. Paltani, S. Arnouts, O. Ilbert, V. Le Brun, L. Tresse, C. Adami, A. Mazure & B. Meneux

	Max Planck Institut fur Astrophysik, D-85741, Garching, Germany
S. Charlot

	Institut d'Astrophysique de Paris, UMR 7095, 98 bis Bvd Arago, F-75014, Paris, France
S. Charlot, H. J. McCracken & Y. Mellier

	IASF-INAF, via Bassini 15, I-20133, Milano, Italy
S. Foucaud, D. Bottini, B. Garilli, D. Maccagni, M. Scodeggio & P. Franzetti

	Università di Bologna, Dipartimento di Astronomia, via Ranzani 1, I-40127, Bologna, Italy
O. Ilbert, M. Bolzonella, B. Marano & A. Bongiorno

	INAF, Osservatorio Astronomico di Bologna, via Ranzani 1, I-40127, Bologna, Italy
G. Zamorani, S. Bardelli, A. Cappi, P. Ciliegi, R. Merighi, L. Pozzetti & E. Zucca

	Laboratoire d'Astrophysique de l'Observatoire Midi-Pyrénées (UMR 5572), 14 avenue E. Belin, F-31400, Toulouse, France
J. P. Picat, T. Contini, I. Gavignaud, R. Pellò, F. Lamareille, G. Mathez & D. Rizzo

	IRA-INAF, via Gobetti 101, I-40129, Bologna, Italy
R. Scaramella, G. Vettolani, A. Zanichelli, M. Bondi & L. Gregorini

	European Southern Observatory, Karl-Schwarzschild-Strasse 2, D-85748, Garching, Germany
I. Gavignaud

	INAF, Osservatorio Astronomico di Brera, via Brera 28, Milan, Italy
L. Guzzo, A. Iovino, C. Marinoni & A. Pollo

	INAF, Osservatorio Astronomico di Capodimonte, via Moiariello 16, I-80131, Napoli, Italy
M. Radovich, M. Arnaboldi, G. Busarello, P. Merluzzi & V. Ripepi

	Observatoire de Paris, LERMA, 61 Avenue de l'Observatoire, F-75014, Paris, France
H. J. McCracken & Y. Mellier


Authors	O. Le FèvreView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. PaltaniView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. ArnoutsView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. CharlotView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. FoucaudView author publications
You can also search for this author in
                        PubMed Google Scholar



	O. IlbertView author publications
You can also search for this author in
                        PubMed Google Scholar



	H. J. McCrackenView author publications
You can also search for this author in
                        PubMed Google Scholar



	G. ZamoraniView author publications
You can also search for this author in
                        PubMed Google Scholar



	D. BottiniView author publications
You can also search for this author in
                        PubMed Google Scholar



	B. GarilliView author publications
You can also search for this author in
                        PubMed Google Scholar



	V. Le BrunView author publications
You can also search for this author in
                        PubMed Google Scholar



	D. MaccagniView author publications
You can also search for this author in
                        PubMed Google Scholar



	J. P. PicatView author publications
You can also search for this author in
                        PubMed Google Scholar



	R. ScaramellaView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. ScodeggioView author publications
You can also search for this author in
                        PubMed Google Scholar



	L. TresseView author publications
You can also search for this author in
                        PubMed Google Scholar



	G. VettolaniView author publications
You can also search for this author in
                        PubMed Google Scholar



	A. ZanichelliView author publications
You can also search for this author in
                        PubMed Google Scholar



	C. AdamiView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. BardelliView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. BolzonellaView author publications
You can also search for this author in
                        PubMed Google Scholar



	A. CappiView author publications
You can also search for this author in
                        PubMed Google Scholar



	P. CiliegiView author publications
You can also search for this author in
                        PubMed Google Scholar



	T. ContiniView author publications
You can also search for this author in
                        PubMed Google Scholar



	P. FranzettiView author publications
You can also search for this author in
                        PubMed Google Scholar



	I. GavignaudView author publications
You can also search for this author in
                        PubMed Google Scholar



	L. GuzzoView author publications
You can also search for this author in
                        PubMed Google Scholar



	A. IovinoView author publications
You can also search for this author in
                        PubMed Google Scholar



	B. MaranoView author publications
You can also search for this author in
                        PubMed Google Scholar



	C. MarinoniView author publications
You can also search for this author in
                        PubMed Google Scholar



	A. MazureView author publications
You can also search for this author in
                        PubMed Google Scholar



	B. MeneuxView author publications
You can also search for this author in
                        PubMed Google Scholar



	R. MerighiView author publications
You can also search for this author in
                        PubMed Google Scholar



	R. PellòView author publications
You can also search for this author in
                        PubMed Google Scholar



	A. PolloView author publications
You can also search for this author in
                        PubMed Google Scholar



	L. PozzettiView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. RadovichView author publications
You can also search for this author in
                        PubMed Google Scholar



	E. ZuccaView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. ArnaboldiView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. BondiView author publications
You can also search for this author in
                        PubMed Google Scholar



	A. BongiornoView author publications
You can also search for this author in
                        PubMed Google Scholar



	G. BusarelloView author publications
You can also search for this author in
                        PubMed Google Scholar



	L. GregoriniView author publications
You can also search for this author in
                        PubMed Google Scholar



	F. LamareilleView author publications
You can also search for this author in
                        PubMed Google Scholar



	G. MathezView author publications
You can also search for this author in
                        PubMed Google Scholar



	Y. MellierView author publications
You can also search for this author in
                        PubMed Google Scholar



	P. MerluzziView author publications
You can also search for this author in
                        PubMed Google Scholar



	V. RipepiView author publications
You can also search for this author in
                        PubMed Google Scholar



	D. RizzoView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                O. Le Fèvre.


Ethics declarations

              
                Competing interests

                Reprints and permissions information is available at npg.nature.com/reprintsandpermissions. The authors declare no competing financial interests.

              
            

Rights and permissions
Reprints and permissions


About this article
Cite this article
Le Fèvre, O., Paltani, S., Arnouts, S. et al. A large population of galaxies 9 to 12 billion years back in the history of the Universe.
                    Nature 437, 519–521 (2005). https://doi.org/10.1038/nature03979
Download citation
	Received: 26 April 2005

	Accepted: 29 June 2005

	Issue Date: 22 September 2005

	DOI: https://doi.org/10.1038/nature03979


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
Well red
A survey of the distant Universe has revealed a much larger population of star-forming galaxies at high cosmological redshift than was previously known. A count of 970 galaxies with redshifts between 1.4 and 5 is a several-fold increase on previous estimates. Knowledge of the number of galaxies present in the Universe at each epoch is an important constraint on models of galaxy evolution.
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