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Starburst galaxies in the present and past Hubble sequence

The  way  galaxies  assemble  their  mass  to  form  the  well-defined 
Hubble  sequence  is  amongst  the  most  debated  topic  in  modern 
cosmology. One difficulty is to link distant galaxies to those at present 
epoch.  One  observational  way  is  at  establishing  how  were  the 
galaxies of  the past Hubble sequence (e.g.,  6 Gyrs ago).  We have 
intended to derive a past Hubble sequence that can be causally linked 
to the present-day one. We selected a sample of nearby galaxies from 
the SDSS and a sample of distant galaxies from the GOODS survey. 
We  verified  that  each  sample  is  representative  of  the  respective 
galaxy  population.  We  further  showed  that  the  observational 
conditions necessary to retrieve their morphological classification are 
similar in an unbiased way. Galaxies are also divided in starburst and 
quiescent  by  their  [OII]λ3727  EW,  larger  or  smaller  than  15  Å, 
respectively. After morphological classification we have been able to 
quantify  their  number  fractions.  We  found  an  absence  of  number 
evolution  for  elliptical  and  lenticular  galaxies,  which  strikingly 
contrasts  with the strong evolution  of  spiral  and peculiar  galaxies. 
Spiral  galaxies  were  2.3  times  less  abundant  in  the  past,  that  is 
exactly compensated by the strong decrease by a factor 5 of peculiar 
galaxies. It shows that more than half of the present-day spirals had 
peculiar morphologies, 6 Gyrs ago, and this has to be accounted by 
any  scenario  of  galactic  disk  evolution  and  formation.  The  past 
Hubble sequence can be used to test these scenarios as well as to 
test evolution of fundamental planes for spirals and bulges. 
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Local and Distant
Galaxy Morphology:



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

z~0.65
(6 Gyr ago) 

Evolution?

The link between distant and local galaxies is affected by:
●  The evolution of galaxies: Change of type 
●  The transformation of galaxies: stellar evolution
●  Selection and observational biases

Local univers

Looking for an answer using the SDSS and the CDFS surveys... 



Our Samples

                                 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 )

DistantLocal
CDFS survey 

       0.0207 < z < 0.030                                                  0.4 < z < 0.8

SDSS survey 



Our Samples

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 

        0.0207 < z < 0.030                                                                   0.4 < z < 0.8

SDSS survey 

98% K­S 97% K­S 94% K­S

MJ(AB)  <  ­20.3 



Our Samples

                              ...comparing SDSS observations and HST/ACS?

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 

        0.0207 < z < 0.030                                                                   0.4 < z < 0.8

SDSS survey 

98% K­S 97% K­S 94% K­S

2.5 m ground telescope HST/ACS



Spatial Resolution

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

… K­correction, cosmological dimming or instrument differences?

0.03 ''/pix0.396 ''/pix



K­correction, cosmological dimming or 
instrument differences

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



The Method

Same decision tree applied to local and distant galaxies



The Method

Same decision tree applied to local and distant galaxies



The Method

Same decision tree applied to local and distant galaxies



The Method

Galfit simulation: Sersic Profiles (Bulge+Disk)



The Method

Color maps

Red center

Red center

Blue center



The Method

Color images





The Method
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Results

* Recent merging events and star formation histories unlikely affect more than 10% of the 
galaxies that may be linked together.

* There is however a need to improve the statistics, since this work is based on numbers 
slightly over 100 for both distant and local sample.
                                         

Delgado­Serrano et al. (2010)



Local Galaxies



Distant Galaxies



Hubble sequence evolution 
6 Gyrs ago Present­day

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



Results

17 % 60 %



Conclusions

● We have established a first approximation of what would be the progenitors, 
6 Gyrs ago, of the galaxies of the present­day 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 
present­day Hubble sequence should be addressed by current scenarios of 
galaxy evolution and formation.



Thank YouThank You



Neichel et al. (2008)

Our morphology classification method 
and kinematic classification.

Other morphology classification 
methods and kinematic classification.

95 %

80 %
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