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Galaxy Evolution since z=1
 50% of the local stellar mass was formed during the last 8 Gyr, i.e., 

since z=1 (e.g., Dickinson+03 ; Drory+04)

From evolution of:
1. global stellar mass 
(photometry, near-IR) 
2. integrated SFR 
(including IR light)

 Most of it was formed in 

LIRGs (SFR > 20 Mʘ/yr; 

Hammer+05; Bell+05), which 
are intermediate-mass galaxies Le Floc'h et al. (2005)



Intermediate-mass galaxies

• LIRGs are intermediate-mass systems, probably associated with episodic 
luminous phases (Hammer+05; Marcillac+06)

• The high fraction of z~0.6 LIRGs can be explained if each galaxy 
experiences 3-4 IR luminous phases since z=1, producing local intermediate-
mass galaxies (Hammer+05)

• Local intermediate-mass galaxies are mostly spirals (70% of them)

• According to Hammer et al. (2005), 50 to 75% of local spirals have had a 
LIRG episode

 How can we link the distant galaxies to local ones? … and to the Hubble sequence?

3.1010 < Mstellar < 3.1011 Mʘ , i.e., ~ M* galaxies
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The IMAGES collaboration:

, R. Delgado-Serrano, M. Rodrigues



Sample selection
MJ(AB) < -20.3 &  0.4 < z < 0.9

4 fields including CDFS 

Integrated properties 

Spitzer
VLT/FORS2 (600RI+600z)

Imaging
ACS imagery

3D Spectroscopy
VLT/FLAMES-GIRAFFE

Intermediate-mass galaxies
Mstellar > 1.5 1010Mʘ 

(average ~M*, e.g. MW)

SFR
Metallicity of the gas (O/H)

Color-morphology
S.E.D.

Kinematics
Dynamics 

The deepest & most complete observations of distant galaxies

The IMAGES Survey



IMAGES has given us a complete description of the galaxies properties, 6 Gyr ago

Courtesy of M. Puech



IMAGES has given us a complete description of the galaxies properties, 6 Gyr ago

Courtesy of M. Puech



FLAMES/GIRAFFE on the VLT
The need of  3D spectroscopy at high z

IFU mode: IFU mode: 

15 IFUs deployable over a 20 arcmin FoV

Each IFU has a 3’’x2’’ FoV with: 

20 sq. μLenses, each one with a 0,52''x 
0.52'' FoV, cutting the integral light of the 
galaxy

20 spectrum with a resolution of ~10 000 

Kinematics



Kinematics

FLAMES/GIRAFFE on the VLT
The need of  3D spectroscopy at high z

IFU mode: IFU mode: 

15 IFUs deployable over a 20 arcmin FoV

Each IFU has a 3’’x2’’ FoV with: 

20 sq. μLenses, each one with a 0,52''x 
0.52'' FoV, cutting the integral light of the 
galaxy

20 spectrum with a resolution of ~10 000 



CFRS03.0488, z=0.46, (3’’x2’’) VF using pixels with S/N > 3

R ~ 10000  le [OII] doublet can be resolved

Mode IFU: Mode IFU: 

Kinematics



Provided by: the absence of cross-talk between individual spectra.

σpixel= σrandom_motions ⊗ ∆Vlarge_scale_motions

At low spatial resolution, dispersion maps of rotating disks do 
show a peak in their dynamical center

Velocity map Dispersion or σ map

Velocity field and dispersion map



HST                   VF                                 σ                             S/N                          VF-model                    σ−model 

Resolved Kinematics

All galaxies are assumed to be rotating 
disks:
• their large scale motions are due to 
rotation 
• simulation of corresponding VF and σ-
map
• comparison of the derived σ-maps to the 
observed ones (relative difference of 
amplitude ε vs. σ peak distance ∆r)

Rotating Disk



Rotating Disk

Perturbed Rotation

HST                   VF                                 σ                             S/N                          VF-model                    σ−model 

Resolved Kinematics

• Rotation seen in the VF

• Off-centred σ peak



Complex Kinematics

HST                   VF                                 σ                             S/N                          VF-model                    σ−model 

Resolved Kinematics

? ?
• No obvious structure in the 
VF/σ-map

Perturbed Rotation

Rotating Disk



HST                   VF                                 σ                             S/N                          VF-model                    σ−model 

Flores et al (2006)
Puech et al (2006a)
Yang et al (2007)

Resolved Kinematics

Statistics in the sample 

Rotating Disk

Perturbed Rotation

Complex Kinematics

+ GTO



RD

PR

CK

         HST                   VF                                 σ                              S/N                          VF-model                    σ−model 

Flores et al (2006)
Puech et al (2006a)
Yang et al (2008)

 
-0.05+0.23

-0.08 dex

Puech et al. (2010)

Baryonic TF

Complexe Kinematics
Perturbed Rotation
Rotating Disk

▲ 

●

Dynamics can explain the dispersion.
What about galaxy morphology?

Resolved Kinematics



Morphological classification:Morphological classification: 
Much more than observing the beauty of galaxiesMuch more than observing the beauty of galaxies



z~0.65
(6 Gyr ago)

Evolution?

Local Univers 

?

How were the galaxies of the Hubble sequence 6 Gyrs ago?

The link between distant and local galaxies is affected by:

● Selection and observational biases

● The transformation of galaxies through time: stellar evolution, 
gaz supply, mergers    ===>    Change of type 



Methodological Bias
The standard methodThe standard method

Brinchmann et al. (1998)

...and the humain bias ==> subjectivity

Naim et al. (1995)



The automatic methods

Abraham et al. (1996b)

Lotz et al. (2008)

Methodological Bias



Morphological Classification vs Kinematic Classification

Neichel et al. (2008)

The case Gini-MThe case Gini-M2020 : :

➔ 35% of Rotating Disks are not Spirals

➔ 30% of unnormal Dynamics do not have 
an unnormal morphology.

The case A-C :The case A-C :

➔ Any Rotating Disk was classified as 
Spiral

➔ 68% of unnormal Dynamics do not have 
an unnormal morphology.



Decision Tree



GalfitGalfit

2 and 3 2 and 3 
color color 
imagesimages

Decision Tree



Full Morphological AnalysisFull Morphological Analysis
3 color image 2 color map One band image

error imageresidual imagesImage of the fit



Decision Tree



Neichel et al (2008)

80% of ROT have 
spiral morphologies

95% of CK have peculiar 
morphologies

Morphology versus kinematics

Agreement between kinematics 
and morphological classifications

Anomalous kinematics of the gaseous component is almost always 
linked to anomalous morphological distribution of the stars



Decision Tree

Same m
orphologica

l analysis 
for d

ista
nt and local galaxies



Samples of comparison

0.0207 < z < 0.030                                                                                    0.4 < z < 0.8

Local
SDSS survey

Distant
CDFS survey

                                  Criteria for the  selection:Criteria for the  selection:
- MJ(AB)< -20.3 

- good quality spectra including [OII] λ3727
- At least three optical bands images  (SDSS: u, g, r bands;  CDFS: v, i, z bands )



                                                                 

MJ(AB)  <  -20.3 

Samples representativeness

Distant Starburst
EW[OII]>15 Å

Distant Quiescent
EW[OII]<15 Å

Local

116 galaxies 49 galaxies 94 galaxies

Observed LF by 
Jones et al. 

(2006)

Observed LF by 
Cirasuolo et al. 

(2007)

Observed LF by 
Cirasuolo et al. 

(2007)

CDFS survey SDSS survey 

98% K-S 97% K-S 94% K-S

0.0207 < z < 0.030 0.4 < z < 0.8



Spatial Resolution

… K-correction, cosmological dimming or instrument differences?

Distant 
(HST/ACS)

Local 
(2.5 m ground telescope)

CDFS survey SDSS survey 

3.5  pix / resolution element 3.6  pix / resolution element

FWHM = 0.108 arsec  ===>>  0.75 kpcFWHM = 1.4 arsec  ===>>  0.72 kpc

z ~ 0.025 z ~ 0.65

0.03 ''/pix0.396 ''/pix



K-correction, cosmological dimming or 
instrument differences

 mag difference :

u (V)     0.52
g  (i)      0.08
r  (z)      1.02



Data baseData base



ResultsResults



PR  heic1002a

Results

Delgado-Serrano et al. (2010)



Local Galaxies



Distant Galaxies



Hubble sequence evolution Hubble sequence evolution 
6 Gyrs ago Present-day

● 2.3 times more regular spiral galaxies
● 5.2 times less peculiar galaxies
● No fraction evolution of E/S0 galaxies

Delgado-Serrano et al. (2010)



The “Red Sequence” and galaxy morphology 

R. DELGADO-SERRANO                                                                                        38/41

The bimodality is not a good morphological discriminante:The bimodality is not a good morphological discriminante:

Red/Yellow ===>>  E/S0                                       49 ± 8 %                                      33 ± 8  %
Blue    ===>>  Spirals                                             25 ± 6 %                                      61 ± 11 %
Green    ===>>  Peculiar                                         26 ± 6 %                                        6 ± 3   %

  Distant «Red Sequence»             Local «Red Sequence»  

Contamination!



Barred Galaxy fraction

R. DELGADO-SERRANO                                                                                       39/41

Blue line →  strong bar detection
                 (ε > 0.4, δε > 0.1, P.A. ≥ 10°) 

Results from Sheth et al. (2008)

Black line →  strong bar + weak bar 

Results with our samples

Green Circles →  bar detection in Sp
     and S0 galaxies within 
     the whole sample

Red Circles  →  bar detection in Sp and 
   S0 galaxies compare to 
    the total number of Sp 
    and S0 galaxies in the 
    sample



Conclusions

● We have established a first approximation of what would be the progenitors, 
6 Gyrs ago, of the galaxies of the present-day Hubble sequence.

● E/S0 galaxy populations show no evidence for a number evolution during 
the last 6 Gyrs;

● Slightly more than half of the distant galaxies have peculiar morphologies, 
that is likely associated to anomalous kinematics according to Neichel et al. 
(2008);

● The fraction of regular spiral was 2.3 times lower 6 Gyrs ago than at the 
present epoch;

● Morphology statistics strongly shows that almost all the galaxy evolution, 
since 6 Gyr ago, is caused by the transformation of galaxies with peculiar 
morphologies to regular spiral galaxies at present epoch;

● The transformation of peculiar distant galaxies to regular spiral in the 
present-day Hubble sequence should be addressed by current scenarios of 
galaxy evolution and formation.



Technological University of Panama 
Panama's Observatory

Thank You!!Thank You!!

6 Gyrs ago Present-dayDelgado-Serrano et al. (2010)
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