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Status of galaxy evolution – 2 major questions

REVIEW of Olivier’s early contributions
in galaxy evolution

• 90’s The CFRS / MOS-SIS @CFHT
• 00’s The VVDS / VIMOS @VLT

# Hunting for the sources of reionisation
# Passive galaxies challenge our galaxy formation models

Nowadays galaxy demography at 0<z<2 is well constrained.

Results of decades to build deep z-surveys in which Olivier has played a major role. 

His first-author paper was about the comet Hallet in 1984
His last ones about sources up to z=6 in 2020 (VUDS & ALPINE-ALMA [CII] survey) 



Mid-80’s – his first steps in faint galaxy fields and high-z galaxies

Imaging of 300 galaxies in clusters and 100 in fields 
• Deep photometry with 3.6m CFHT (BV) and 2m Pic du Midi (RI) 
• Automatic photometric treatment of faint galaxy fields 

Late 80’s he published several papers on CFHT imaging radio galaxies (3CR) 
to probe the far universe at 1<z<2  (CNRS bronze medal in 1987) 

PhD in 1986 on high-z (0.2<z<0.6) galaxy clusters & three comparison faint galaxy fields

Studies of galaxies wrt. environment (Butcher & Oemler effect at z>0.1)

Toulouse        Hawaii @CFHT



Mid 80’s – the context about galaxy evolution

Conclusions in mid ’80s
Mild evolution of galaxies at low-z

Still N(B) et N(z) not fitted simultaneously

Galaxy Surveys as Cosmological Probe?
Hubble and Tolman 1935

80’s First B-selected redshift surveys
• N(m) dominated by luminosity and colour evolution

Tinsley (1972), Bruzual (1983), etc.
• N(z) in agreement with no evolution models

Broadhurst et al (1988)

Broadhurst et al. 1988

Advent of the first CDDs



Mid-80’s – the context about multislit spectrographs & galaxy surveys

Two first multislit pilot surveys at  𝒛 ≫ 𝟎. 𝟑
I-selection for sources at 0.05 ≤ 𝑧 ≤ 1

ü 50ish sources in 3 fields (F03, F10, F14)
FR Hammer, Le Fèvre, Proust, Tresse (1993)
ü 50ish sources in 1 field (F22)
CA Lilly (1993) 

about 20 spectra simultaneously on faint sources

Advent of the first multislit spectrographs at CFHT back to the mid-80’s
the MARLIN spectrographs, a focal reducer installed at Cassegrain focus

Selection of galaxies in red filters
FOCAM 2048x2048 camera @primefocus CFHT

&

1984

Proceedings of the IAU Colloquium No 79: “Very Large Telescopes, their Instrumentation and Programs” 
Garching, April 9–12, 1984. 



Early 90’s – his initial steps in multislit spectroscopy

I-band selected pilot surveys demonstrated that:
ü the potential of such surveys to trace the galaxy population evolution up to 𝑧 ≈ 1
ü faint galaxies at low-z are undergoing strong evolution
ü <10 sources per ∆z=0.25 is too small to establish fair statistical studies

Conclusions early 90’s 
Evolution of galaxies at 𝑧 ≫ 0.3 cannot anymore be 

considered as a simple corrective factor

Degeneracy between mean galaxy population evolution and cosmology 
Misunderstanding linked to unknown evolving properties of galaxy population

Lilly (1993)

𝒛 ≈ 𝟎. 𝟓𝟔𝟏 ± 𝟎. 𝟐𝟓

Start of large deep redshift surveys 

Deep redshift surveys built to understand statistically speaking the galaxy evolution
& to trace a coherent history of the galaxy populations 

Tresse et al. AA (1993)



Resident Astronomer

Early-90’s – his first steps in instrumental dev. of multislit spectrographs

CFHT MOS/SIS spectrograph: 10’x10’ field, 2048x2048 15µm pixel CCD,
365-1000 nm, spatial sampling of 0.8”. Best compromise between field
size and spatial resolution.
about 60 slits simultaneously on faint sources



A User’s Manual for the CFHT’s dual Multiple Object and Subarcsecond Imaging 
Spectrograph: MOS/SIS

- 1993, Version 2

Support Astronomer

Early-90’s – his deployment of a semi-automatic tool for mos data 

à VIPGI/VIMOS (before ESO asked reduction pipelines to be included in projects)

He developped the first semi-automatic MOS reduction tool (with IRAF) 



𝒛 = 𝟏. 𝟓 − 𝟎. 𝟖 𝟎. 𝟖 − 𝟎. 𝟒 [𝟎. 𝟒 − 𝟎. 𝟐]

faintbright

The Canada-France redshift survey – one major result

Deep redshift surveys build to probe the galaxy evolution through cosmic times

• The Canada-France Redshift Survey 
IAB=22.5, five FOVs  totalizing 112 arcmin2, 1000 sources at 0.05 ≤ 𝑧 ≤ 1

Team: Crampton, Hammer, Le Fèvre, Lilly & Tresse 1995
The first large high-z survey (z=1 was high-z in the ’90s)

Definitive answer about the galaxy evolution up to z ≈ 1:
ü The RED population is in place at 𝑧 ≈ 1.3, evolve passively
ü The BLUE population evolves strongly

in luminosity (+1 mag) or in density (x3)

• The Hawaii Fields
K ≤ 20, Cowie, Songaila, Hu & Cohen 1996

Galaxy formation took place in downsizing 
(i.e. more massive galaxies at high-z)

MK

L ⦿
M

pc
-3

Conclusions mid 95’s 
Evolution of galaxies is very differentiated through time, 

strongly linked to color-typeLilly, Tresse et al. ApJ (1995)



A series of 15 publications (>3000 citations) 1995-1997 

The Canada-France redshift survey products

+ several follow-ups with XMM, HST, VLT, etc.

CFRS 30 nights
A team of 5 persons
Le Fèvre, Lilly, Hammer, Crampton & Tresse
4 young astronomers & 1 PhD student

Old times…when students were sometimes barely included or even quoted.

- At that time, Olivier Le Fèvre was already inclusive, as demonstrated
through all his career, with a strong team spirit.
- After the CFRS he has set co-author policy rules in team works.



Meanwhile…Olivier resting?

Common room @CFHT 1993

Hawaii @CFHT     France

1994 Future VLT instruments: scientific drivers and concept definitions
NIRMOS: a wide field near-IR multislit imaging-spectrograph for the VLT
Le Fèvre, O. ; Felenbok, P. ; Hammer, F. ; Tresse, L. ; Delabre, B. ;
Vettolani, P. ;  Mellier, Y. ;  Picat, J. P. ;  Lilly, S. J.  

WFIS: a Wide Field visual multislit Imaging-Spectrograph for the VLT
Vettolani, G. ; Delabre, F. ; Le Fèvre, O. ; Hammer, F. ; Zamorani, G.

1995 Proceedings of the 30th Rencontres de Moriond
Survey Spectrographs for Cosmology at the ESO-VLT 
Le Fèvre, O. ; Vettolani, P. 

Feasability study with FR and IT institutes in 9 months 1995-1996 
commissionned by ESO



Acquiring deep imaging while constructing VIRMOS (1997-2001)

Meanwhile on-going deep imaging for the VVDS
• VIS (BVRI) The CFH12K Deep Survey Le Fèvre, O.; Mellier, Y.; 

McCracken, H. J. 2004
• U-band ESO/WFI Radovich et al. 2004
• NIR ESO/SOFI Iovino et al 2005

but also, always looking ahead…
Deep Redshift Surveys with the VLT-VIRMOS and the NGST
Le Fèvre et al. 2000

- October 1996 – ESO-STC selected VIRMOS
- July 1997 – Contract signed (ESO, FR, IT)
- Preliminary Acceptance Europe @OHP (11-13/09/2001)
An ESO fast tract instrument…but first generation of big 
instruments...VIMOS/VLT too heavy, DEIMOS/Keck too large

PAE@OHP

VIRMOS = VIMOS [MOS+IFU] + NIRMOS + MMU (MMU also for FORS2)

1997, 1998 The VLT-VIRMOS Deep Survey
Le Fèvre, Olivier; Vettolani, Paolo et al. 



2002 a year of commissioning

Messenger2002

• First light: 26 Feb. 2002
• 3 commissionning periods Feb.-Oct. 2002 

Commissioning and performances of the VLT-VIMOS instrument 
Le Fèvre, O. et al. 2003, SPIE 4841, 1670



CFRS 30 nigh
ts 3.6m

600 sour
ces – 6hrs exp.

Done in 1h
r with VIMOS!

📌

VIMOS 26 february 2002 - 24 march 2018 : 16 years of redshift surveys 

Deep survey efficiency
x100 in 10 yrs

VVDS GTO 60 nights
50ish persons

FOV: 4 x 7’ x 8’



Releases of the VVDS datasets – 10 years

• The VIMOS VLT Deep Survey. Public release of 1599 redshifts to IAB ≤ 24 
across the Chandra Deep Field South

Le Fèvre et al. 2004

• The VIMOS VLT deep survey. First epoch VVDS-deep survey: 11 564 spectra
with 17.5 ≤ IAB ≤ 24, and the redshift distribution over 0 ≤ z ≤ 5

Le Fèvre et al. 2005

• The VIMOS VLT Deep Survey final data release: a spectroscopic sample of 
35 016 galaxies and AGN out to z ~ 6.7 selected with 17.5 ≤ iAB ≤ 24.75

Le Fèvre et al. 2013

17.5 ≤ IAB ≤ 24

17.5 ≤ IAB ≤ 24

23 ≤ iAB ≤ 24.75 

16 deg2

1 deg2



Olivier’s credo: data must speak first

The VVDS  Final Counts

same counts a sBzK selection

N(zspectro)

N(m=KAB)

VVDS-Deep has been completed with the Ultra-Deep Survey 
LR-Blue 18hrs +LR-Red 18hrs: 337<λ<2310 nm
To fill the redshift desert

Later on, he said: “la parole est aux données d'observation en évitant
soigneusement tout biais observationnel, tout a priori fondé à tort où à
raison sur les prévisions théoriques ou les modèles numériques.” Olivier

Predicted

“the priority is given to observational data, carefully avoiding any
observational bias, any a priori based rightly or wrongly on theoretical
predictions or numerical models” Olivier



Reaching deep magnitudes to constraint the LF slope

Tresse et al. 2007

<20%

50%!

The steeper the slope, the more one 
needs to observe at low luminosities
to avoid missing large % of LD

L>>L*
1.5 mag deeper – field x 10 larger

Ilbert et al. 2005



Reaching deep magnitudes to constraint the LF slope

Tresse et al. 2007

<20%

50%!

The steeper the slope, the more one 
needs to observe at low luminosities
to avoid missing large % of LD

L>>L*
1.5 mag deeper – field x 10 larger

Ilbert et al. 2005

Faber et al. 2007VVDS/VLT vs. DEEP/Keck



Enough galaxies to derive the LF per type

a strong type-dependent LF evolution, the latest spectral types being 
responsible for most of the evolution of the UV-optical LF out to z = 1.5

type-1 AGN sample consistent with a scenario of AGN 
cosmic downsizing

Zucca et al. 2006
Bongiorno et al. 2007



Context of the cosmic sfr density in 2006 

10 yrs later…
a fully messy filled

dust corrected
CSFRD !

Yet, the drop at z < 1 
& the rise at z < 5 

are persistent 

First big picture in 1996

Surveys yield the global SFRD without being perturbed by individual stochastic evolution

Many surveys or single points
Many assumptions on dust, on LF slope
Many underestimated errors
…blurring the picture 

Tresse et al. (2002)

(1996)



The observed rest-frame UV window

Aim = with the VVDS to trace the FUV-derived 
dust-corrected CSFRD over 12 Gyr

using a single methodology

Multi-wavelength, very deep, optical + NIR photometry 
enable to detect very faint, normal, dusty galaxies

The UV continuum [912-3000]-Å is directly spanned at z > 0.1
i.e. NUV-2500 at z > 0.2  &  FUV-1500 at z > 0.9

Deep u* = 26 mag 



The rest-frame fuv lfs to derive the SFRD

Arnouts et al. 2005

GALEX-VVDS dataset

fainter →

de
ns

er
 →

high-z

low-z

← 𝐿!"#∗

𝑓𝑟𝑜𝑚
𝑧 >

1.5
𝛼 ↗

𝑓𝑟𝑜𝑚 𝑧 > 0.5 𝜑 ↓

Cucciati et al. 2012



COSMOS2020: UV selected candidates at z > 7.5

Kauffmann, O.B, Ilbert, O. et al. 2022, submitted
à the confirmation of photometric redshifts is necessary to differentiate between a power law and a Schechter LF shape.

Olivier’s last contribution towards the reionization epoch.



Evolution of the average dust attenuation in fuv

Cucciati et al. 2012

The FUV emissivity is the most absorbed at 0.8 < z < 2 

_____ Calzetti (2000) law

IRX-β relation Meurer (1999)
but β depends strongly on the galaxy type, 
cf. Treyer 2007,  Wijesinghe 2011
_____ β slope Kong et al. (2004)
_____ β slope Cortese et al. (2006)

Average attenuation i.e. dominated by the typical state of 
visible galaxies at a given epoch

Whatever the method to derive the dust attenuation, 
the amount of dust in the global galaxy population increases from the earliest epochs 

to reach a plateau at z ≈ 1-1.5 



10 Gyrs
/ 12

2 Gyrs
X 6

Evolution of the SFRD over 12 Gyrs

SFRD FUV-derived and dust corrected  𝑆𝐹𝑅𝐷 𝑧 = 1.4×10%&'× ℒ!"# 𝑧 × 10(.* ×,!"#(.)

Full account of errors 
(STY parameters, weights, Poisson, CV)
...often underestimated in the literature.

SFRD evolves as (1+z)a 

z < 2   a =   2.6 ± 0.4
z > 2   a =  3.6 ± 1.9

Using a single sample and a coherent method over 12 Gyrs
we can set a definitive clear SFRD maximum at z~2 (Cosmic Noon)

Cucciati et al. 2012



The CSFRD – overall picture in 2014

10 yrs later…

A very robust picture of the Cosmic Star-Formation History 

Madau & Dickinson 2014, ARA&A, 52, 415

In less than 4 Gyr z=8 (EoR)     z=2 (Cosmic Noon)
ü the Universe reached its maximum SF activity
ü ½ local stellar mass content is assembled  

←

Redshift



VVDS enabled accurate zphots for the CFHTLS i*AB ≤ 25 over 3.2 deg2

Using the tool LePhare – Arnouts/Ilbert

Same expertise used for
à Cosmos zphot with 30-Bands for 2-deg2  Ilbert et al. 2009
à Cosmos2015 Laigle et al.
à Cosmos2020 Weaver et al.

Ilbert et al. 2006



And the NIR LFs to derive the stellar mass assembly

Arnouts et al. 2007

The SWIRE-VVDS-CFHTLS surveys
Evidence for a major build up of the red sequence 

between z = 2 and z = 1

Pozzetti et al. 2007

VVDS



TIRELESS’ OLIVIER..

The CFRS and VVDS surveys have been the initial base to 

several other z-surveys:
zCOSMOS, VUDS, VIPERS, …

several follows-up:
SINFONI/MASSIV, ALMA/ALPINE, HST/COSMOS, Chandra, XMM, CFHTLS, UltraVISTA, VLA, VIMOS-tilted slit, etc.

new instrumental MOS projects:
PFS/Subaru, Euclid/NISP, VLT/NIRMOS (2010), ELT/Optimos à DIORAMAS (2009-2010) à MOSAIC, Ng-CFHT/MSE, JWST/MIRI

“ l'important c'est de couvrir l'espace des paramètres […] ça préserve l'espace de
découverte. Dès qu’on utilise des pré-supposés sur les populations que l’on veut
mesurer on a perdu une grande partie du pouvoir de découverte. “ Olivier

“ the important thing is to cover the parameter space [...] this preserves the
discovery space. As soon as one uses pre-suppositions about the populations one
wants to measure, one has lost a large part of the power of discovery. “ Olivier

Always at the front of the instrumentation -
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Smell the sea, and feel the sky 

Let your soul and spirit fly

Thank you


