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Morphological transformations  
in galaxy clusters: 

the S0 problem 



Origin of S0 galaxies in clusters 
Introduction 

 

The origin of the S0 morphology is still debated since Hubble’s discovery 

The proposed solution for S0s in clusters is the transformation of Spirals 
due to the quenching of SF. The quenching might be triggered by: 
 
•  Galactic winds (gas loss triggered by SNe, AGN activity, starburst, 

etc.) 
•  Ram pressure stripping (interaction between ISM and IGM) 
•  Thermal evaporation (gas removed by the hot IGM) 
•  Strangulation (stop of the cold gas supply to galaxies) 
•  Harassment (cumulative effects of several weak and fast tidal 

encounters) 
•  Strong tidal interactions/mergers 



THE WINGS SAMPLE 
The data  

 

THE WINGS DATABASE 
 
BV 34’X34’ IMAGES  OF 77 
CLUSTERS 0.04<Z<0.07 
(~400.000 GALAXIES) 
 
GASPHOT AND MORPHOT 
DATA FOR ~40.000 GALAXIES 
 
MED-RES SPECTROSCOPY 
DATA FOR ~6000 GALAXIES 
 
IN TOTAL 2869 GALAXIES 
WITH A COMPLETE 
CHARACTERIZATION 
(luminosity,mass,SFR,radii,me
tallicity,distances, etc…) 



Sample completeness &  
cluster properties 

The WINGS DATABASE is ~50% complete 
down to MV=-18.5, DBCG/R200=0.6 and 
M*=109.5 Msun 

The WINGS clusters properties with 
respect to Coma 



Number of S0s in clusters 
                                  The fraction of S0s with redshift 

The fraction S0s/Spirals in 
clusters seems to evolve 
with redshift. 
 
S0s are much more 
frequent in nearby 
clusters  



The morphologies in clusters 
                                   

The number of S0s per bin 
of mass is larger than 
those of Es and Spirals in 
nearby clusters and closer 
to the cluster center. 
 
In high redshift clusters 
the number of S0s is 
smaller. Spirals dominate 
the outer cluster regions. 
 
This is consistent with the 
idea that Spirals 
progressively enter in 
clusters and evolve in 
their morphology. 



The morphological fractions 
 

The red lines show the evolution of the morphological fractions with redshift. 
In the left panel Spirals à S0  
In the right panel Spirals à S0 and Es 
Solid line=slow rate of transf. Broken line=high rate of transf. 



Properties of galaxies 
as a function of distance from the BCG 



Properties of galaxies 
as a function of mass 



The morphological fractions 
as a function of the X-ray luminosity 

The ratio of S0s to Spirals 
and of Es to Spirals as a 
function of the X-ray 
luminosity of the clusters. 
 
The observed trend 
suggests that the early 
type fractions depend on 
the X-ray luminosity. 
 
This might occur for the 
presence of ram pressure 
stripping and/or 
evaporation of the gas in 
the hot IGM. 



The Sersic index 
for different morphologies and galactocentric distance 

The Sersic index of Es, 
S0s, and Spirals as a 
function of mass for two 
different galactocentric 
distance (R/R200 < 0.3 
black dots; R/R200 > 0.3 red 
dots). 



Sersic index and effective radius 
for galaxies in clusters and in the field 

The Sersic index of Es, S0s, and 
Spirals for galaxies in clusters 
(black dots & gray strips) and in the 
field (red dots). 

The effective radius of Es, S0s, and 
Spirals for galaxies in clusters 
(black dots & gray strips) and in the 
field (red dots). 



Conclusions 
 

•  The fraction of S0 galaxies is higher in nearby clusters 
 
•  The mean rate of SpàS0 transformation is ~5 objects per Gyr; the mean rate 

of SpàE transformation is ~2 objects per Gyr 
 
•  S0s and Es are more frequent in the inner regions of clusters 
 
•  S0s in clusters are on average 2x more massive, 0.25x smaller in size than 

Sps. They have larger Sersic index and redder colors 

•  The morphological fractions S0/Sp and E/Sp in the local WINGS sample are 
mildly correlated with the X-ray luminosity of the clusters (ram pressure/
evaporation?) 

 
•  There are small systematic differences in the Sersic index and effective radii 

of Es and S0s in clusters and in the field (harassment?) 


