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(Dynamical) Formation  
process requires late major 
mergers 

Stellar populations are 
homogeneously old and metal 
rich, with a strong mass-metallicity 
relation: early collapse ? 

T
im

e
 

The importance of disentangling star formation 

histories 

Baryon Physics 
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Ferreras & Yi 2004 

The (infamous) age-
metallicity degeneracy  

LBDS 53W091 
z=1.55 

Sánchez-Blázquez et al. 2006 

Two methods to do `galactic archaeology’ 

 Observe old objects locally (z=0)  Lookback time (z>0) 



Test case: Virgo cluster elliptical galaxies 
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Test case: Virgo cluster elliptical galaxies 

14 elliptical galaxies in Virgo 

S/N>100 per Å 

Subaru/FOCAS 
WHT/ISIS 

!"~2-3Å FWHM 

"~3800-5800Å 
Wavelength (A) 



Step I 
Going beyond the standard 
side-band method (SB) 

The SB method relies on a 
careful selection of the 
central and side passbands 
in order to define a reliable 
continuum (blue lines). 

Wavelength 

Step I 
Going beyond the standard 
side-band method (SB) 

The SB method relies on a 
careful selection of the 
central and side passbands 
in order to define a reliable 
continuum (blue lines). 

Let us consider an 
alternative definition for the 
pseudo-continuum based 
on a high percentile of the 
fluxes within a spectral 
window 



Step I 
Going beyond the standard 
side-band method (SB) 

The SB method relies on a 
careful selection of the 
central and side passbands 
in order to define a reliable 
continuum (blue lines). 

We propose an alternative 
method using a running 
“boosted median” (grey 
lines) that appears more 
robust. The method is 
simple to implement: 

+ 90% level 
+ within a ±50Å kernel 
+ 20Å window   

The “Boosted Median Continuum” 
(BMC) 

Rogers, Ferreras, Peletier & Silk (2008) 

Step I 
Going beyond the standard 
side-band method (SB) 

BMC EWs of Balmer lines 
have weaker sensitivity to 
metallicity compared to a 
side-band method. 

Metal line strengths are 
also less sensitive to age 
for BMC measurements.   

Rogers, Ferreras, Peletier & Silk (2008) 



Step II 
Going beyond SSPs 

The use of different Balmer 
lines independently leads 
to a mismatch of SSP 
ages, revealing a more 
complex distribution (e.g. 
Rose et al 1994; Serra & 
Trager 2007)  

We explore three other 
models: 

1- EXP (Standard %-model) 

2- 2 burst (2 SSPs) 

3- CXP (Phenomenological 
model including metallicity 
increase with cumulative 
star formation) 

H& H' H( +[MgFe] 
SED 

Rogers, Ferreras, Peletier & Silk (2008) 

Step II 
Going beyond SSPs 

Age-Metallicity values 
For our 14 Virgo Es 

A clear trend is found 
(best with velocity 
dispersion). Different 
models give similar 
results. 

One could speculate 
about the presence of 
a threshold at around 
Ms~5#1010M

!
 or 

$~140 km/s 

But, what causes the 
age difference? … 

CXP 

2BST 

Thomas et al. 
(2005) 

Rogers, Ferreras, Peletier & Silk (2008) 



The fits and uncertainties show that 
it is formation EPOCH and not 
formation TIMESCALE the main 
driver of the age-mass relationship. 

Perhaps there is conflict with [)/Fe] 
trend?  
Not necessarily, as later formation 
can still imply under-abundant [)/Fe] 
(as long as the star formation 
efficiency is low enough) 
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A similar result is obtained 
when fitting low-resolution 
(HST/ACS slitless grism 
G800L) spectra of z~0.5-1 
early-type galaxies (PEARS 
survey, PI: S. Malhotra - ASU). 

Ferreras et al. 2009 



Our alternative to the ‘standard’ scenario (Thomas et al. 2005) 

Thomas et al. 2005 

Rogers, Ferreras, Peletier & Silk 2008 

Beyond model fitting 
The power of statistics ! 

Principal Component Analysis (PCA) is a very powerful (model-
independent) technique aimed at the extraction of maximum 
information (in the sense of variance) from a data set. 

Look for uncorrelated linear combinations. Those “vectors” 
with the highest variance carry most of the information 
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PCA and early-type galaxies in SDSS 

Rogers, Ferreras, Lahav, et al. 2007 

Volume limited (z<0.1) 
sample of SDSS early-types 
(~7,000 glxs) at S/N>15 per 
pixel 

The first two components 
(e1,e2) keep over 99% of the 
information (in the sense of 
variance) 

Notice e5 features the 
Balmer sequence  

We rearrange PC1, PC2 into 
two more physically meaningful 

parameters (+,,).  

Model-independent 
classification 

Rogers, Ferreras, Lahav, et al. 2007 



PCA (on optical spectra) is sensitive to Recent Star Formation, to a 
similar level as NUV photometry 

Rogers, Ferreras, Lahav, et al. 2007 

Kaviraj et al. 2007 

The “short scale environment”: Close Pairs 

Rogers, Ferreras et al. (in prep) 

695 SDSS 
galaxies in close 
pairs involving 
only early-types. 

PCA shows 
spectral 
characteristics of 
sample similar to 
NUV-bright early-
type galaxies. 



Separating the sample 
according to stellar or 
halo mass (models from 
Yang et al. 2007) shows 
that environment plays a 
second order role in the 
SFH of massive 
ellipticals. 

Rogers, Ferreras  et al. (in prep) 

The “large scale environment”: Halo mass 

New light on the analysis of star formation histories 

•! New index definition 

•! Beyond Simple Stellar Populations 

•! Formation epoch (average age) instead of formation timescale (age spread) 

•! PCA as a new method to explore differences in unresolved stellar 
populations (see poster: Rogers et al.) 


