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Quenching & Environment

BIMODALITY is a consequence  
of star formation QUENCHING 

Strong evidence of the role of environment (e.g. 
local density, halo mass, X-ray luminosity) 
moving galaxies from the blue sequence to the 
red sequence 
                               

Distributions of many galaxy properties (SFR, 
color, morphology) are bimodal (e.g. Kauffmann 
et al. 2004 and many others): 

“red and dead” massive ellipticals and S0's 
VS  

Blue star forming late-types 
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?

In high density environments: ram-pressure stripping, galaxy harassment, galaxy-galaxy 
mergers, removal of the warm and hot halo gas, strangulation 

Smoking gun: existence of a population of galaxies in transition with intermediate properties.                       

Identify this new class of objects through the study of 
the galaxy population mix in groups and clusters, and 
compare with the field.
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     The SFR-M∗ relation 
Star formation rate (SFR) of a galaxy is strongly correlated to its stellar mass 

star-forming main sequence
(e.g. Brinchmann et al. 2004, Noeske et al. 2007a, Elbaz et al. 2007, Daddi et al. 2007 and 
many others)  

Does the SFR-M relation depend on environment?  
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Star formation rate (SFR) of a galaxy is strongly correlated to its stellar mass 

star-forming main sequence
(e.g. Brinchmann et al. 2004, Noeske et al. 2007a, Elbaz et al. 2007, Daddi et al. 2007 and 
many others)  

Does the SFR-M relation depend on environment?  

clusters

field
groups

Vulcani et al. 2010

see also Patel et al. 2009,  von der Linden et al. 2010, Haines et al. 2013 



WINGS 
- 76 clusters (36 north and 42 south) 
- sample selected from three X-ray flux  
limited samples from ROSAT all sky survey  
at  0.04<z<0.07 
- Spectroscopic sample for 48 clusters over 
a 34'X34' FOV; fiber spectroscopy with 
2dF@AAT or WYFFOS@WHT  
- 6137 measured redshifts to obtain cluster 
 membership and velocity dispersion 

The cluster catalog
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ΩWINGS 

→ 1 deg2 FOV 
→ 46 clusters randomly selected from the WINGS clusters observable from VST 

→ B and V observations (Gullieuszik et al. 2015) 
→ Spectroscopic follow-up with AAΩ at AAT (Moretti et al. in prep) 

Ω
The cluster catalog

WINGS+ΩWINGS complete catalog: 
→ 33+27 clusters  
→ literature redshifts with OMEGACAM photometry 

→ 26829 galaxies

It covers the virial region in all clusters and extend to the infall region out to 2.5R200.



Red: observed spectrum, blue: model spectrum 
Lower panel: set of SSPs used to build the 
model spectrum 
Middle: residuals and continuum bands

● Measure of spectral features (continuum flux, 
absorption & emission lines) 

● Features reproduced summing SSPs spectra of 
different ages and common Z 

INPUT 
● spectra or 
● spectra + photometry  

OUTPUT 
● Stellar mass  
● Recent star formation (the last 2e7 yr) 
● Star Formation History (SFR in 4 age bins) 
● Average ages (luminosity and mass-weighted) 
● …...Fritz et al. (2007, 2011, 2014)

                             GALAXY PROPERTIES
SINOPSIS (SImulatiNg OPtical Spectra wIth Stellar populations models)

NSSP= number of SSP used 
Mi and Li(λ) = stellar mass and luminosity of the ith SSP  

A(λ) = extinction law 
E(B − V)=color excess assigned to the ith SSP  

RV = the ratio of total to selective absorption 



→ 30 clusters with spectroscopic completeness > 50%           
→ MASS COMPLETE SAMPLE:  galaxies with M∗ > 109.8 Msol 

→ CLUSTER galaxy population: member galaxies (not the BCG) with masses above the mass 
completeness limit                 5065 GALAXIES (9242 weighted for incompleteness) 
→ FIELD galaxy population: non member galaxies with 0.02<z<0.09 above the mass           
completeness limit                   743 GALAXIES (1347 weighted for incompleteness) 
→ STAR FORMING galaxies: sSFR>10-12 /yr and PASSIVE galaxies the rest            
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SFR that is almost absent in the field
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Transition galaxies mainly found inside 1 
R200 in clusters. 

They influence the median SFR-M* relation 
significantly only in the inner part (R/
R200<0,6) 

→ Low statistics for R/R200>1,2, new data 
COMING SOON 
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● <NT/NSF>  higher in clusters (0,6) than in the field (0,14) 
● NT/NTOT higher in clusters than in the field BUT only inside 

1R200    

Inside the clusters:  
the same ratios grow towards the center due both to a lack of 
SF galaxies and an increasing number of transition galaxies. 
The effects vanish outside the virial radius.
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 The SFR-M∗ relation in clusters:
Transition galaxies mainly found inside 1 
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They influence the median SFR-M* relation 
significantly only in the inner part (R/
R200<0,6) 

→ Low statistics for R/R200>1,2, new data 
COMING SOON 

Transition galaxies within the viral radius where pure star 

forming galaxies are less numerous 



Age and color depend on the 
position on the SFR-M plane: at 
f i xed mass, ga lax ies are 
progressively redder and older 
with decreasing SFR; transition 
galaxies are the reddest and 
oldest.

No radial dependences

Luminosity Weighted age (B-V)
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SFHs of the different galaxy populations: 
100 Monte Carlo simulations (avoid the influence of the 
different mass distributions) 
SFH decline gets steeper going from PSF to transition 
and passive galaxies. 
Transition galaxies are an evolved population, having 
their SFR suppressed a long time ago (2-5 Gyr). 
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Transition galaxies  are an evolved population 



Summary

                  Rapid quenching             VS            Slow quenching

Move SF galaxies directly to the red sequence Increase number of galaxies with reduced SFR 
with respect to the filedNo change of the SFR-M relation in clusters 

and field

Different SFR-M relation in clusters due to 
TRANSITION GALAXIES

Only inside the viral radius 
SFH + LWAs + color indicate a reduced SFR 
in the last 2-5 Gyr

STRANGULATION is the best candidate! 

Future prospects
● Study of the SFR-M relation as a function of local density and of the global properties of 

the clusters (velocity dispersions and X-ray luminosities) 
● Extend the halo mass range covered down to the group scale (Paccagnella et al. in prep.) 
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THANKS FOR THE ATTENTION 


