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What is their metallicity?
How much dust is there ?

What is its stellar mass?
When did these stars form?



The basic idea



The basic idea

We decide on a basic parametrization: build up galaxies using Simple Stellar 
Populations of varying ages and metallicities, and one dust component.



The basic idea

We decide on a basic parametrization: build up galaxies using Simple Stellar 
Populations of varying ages and metallicities, and one dust component.

We do not want to impose any constraints on the shape of the star formation 
history, or an age-metallicity relation.



The basic idea

We decide on a basic parametrization: build up galaxies using Simple Stellar 
Populations of varying ages and metallicities, and one dust component.

We do not want to impose any constraints on the shape of the star formation 
history, or an age-metallicity relation.

We want to find the solution, which for a given set of models, best fits the data.



The basic idea

We decide on a basic parametrization: build up galaxies using Simple Stellar 
Populations of varying ages and metallicities, and one dust component.

We do not want to impose any constraints on the shape of the star formation 
history, or an age-metallicity relation.

We want to find the solution, which for a given set of models, best fits the data.



Two different types of problem



Two different types of problem

Physical: complexity of the system we are trying to model.

Difficulty in modelling the system.

Problem is non-linear, and highly degenerate: different evolutionary paths 
can lead to very similar spectra.



Two different types of problem

Physical: complexity of the system we are trying to model.

Difficulty in modelling the system.

Problem is non-linear, and highly degenerate: different evolutionary paths 
can lead to very similar spectra.

Data related: there is an intrinsic limitation to how much information we 
extract from a noisy or incomplete dataset.



Two different types of problem

Physical: complexity of the system we are trying to model.

Difficulty in modelling the system.

Problem is non-linear, and highly degenerate: different evolutionary paths 
can lead to very similar spectra.

Data related: there is an intrinsic limitation to how much information we 
extract from a noisy or incomplete dataset.

Robustness as opposed to high-definition 
solutions in parameters space.



In a little more detail
( full details in Tojeiro et. al 2007, astro-ph/0704.0941)



In a little more detail
( full details in Tojeiro et. al 2007, astro-ph/0704.0941)

We use a Least-Squares inversion method (Bounded-Variable Least-Squares) 
- need a linear parametrization. This also imposes positivity on our solutions.



In a little more detail
( full details in Tojeiro et. al 2007, astro-ph/0704.0941)

We use a Least-Squares inversion method (Bounded-Variable Least-Squares) 
- need a linear parametrization. This also imposes positivity on our solutions.

We need to decide on how finely to recover the histories:



In a little more detail
( full details in Tojeiro et. al 2007, astro-ph/0704.0941)

We use a Least-Squares inversion method (Bounded-Variable Least-Squares) 
- need a linear parametrization. This also imposes positivity on our solutions.

We need to decide on how finely to recover the histories:

Method presented on Ocvirk et. al (2006, MNRAS, 365, 46), uses Singular Value 
Decomposition to estimate how many parameters to recover for a linear 
problem perturbed by noise.



In a little more detail
( full details in Tojeiro et. al 2007, astro-ph/0704.0941)

We use a Least-Squares inversion method (Bounded-Variable Least-Squares) 
- need a linear parametrization. This also imposes positivity on our solutions.

We need to decide on how finely to recover the histories:

Method presented on Ocvirk et. al (2006, MNRAS, 365, 46), uses Singular Value 
Decomposition to estimate how many parameters to recover for a linear 
problem perturbed by noise.

VESPA uses this method to estimate the number of parameters to recover in 
any given galaxy.



In a little more detail
( full details in Tojeiro et. al 2007, astro-ph/0704.0941)

We use a Least-Squares inversion method (Bounded-Variable Least-Squares) 
- need a linear parametrization. This also imposes positivity on our solutions.

We need to decide on how finely to recover the histories:

Method presented on Ocvirk et. al (2006, MNRAS, 365, 46), uses Singular Value 
Decomposition to estimate how many parameters to recover for a linear 
problem perturbed by noise.

VESPA uses this method to estimate the number of parameters to recover in 
any given galaxy.

Iterative process to go from coarse to fine resolution.
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Figure 7. The distribution of Gx, GZ and luminosity weighted ages for 50 galaxies with a dual bursts star formation history and
different signal to noise rations. Solid lines and stars correspond to SNR = 50 and dashed lines and squares to SNR =20. See text in
Section 3.3 for details.

Figure 8. The recovered number of non-zero parameters as we
change the noise in the data from 50 (solid line) to 20 (dashed
line), in a sample of galaxies with an exponentially decaying star
formation rate.

4 RESULTS

In this section we present some results obtained by applying
VESPA to galaxies in the Sloan Digital Sky Survey (SDSS).
Our aim is to analyse these galaxies, and to produce and
publish a catalogue of robust star formation histories, from
which a wealth of information can then be derived. We leave
this for another publication, but we present here results from
a sub-sample of galaxies, which we compare with the results
obtained with the already well-established code MOPED. In
both analysis we make similar assumptions regarding stellar
and dust models.

Figure 9. Testing the SVD stopping criteria. Plots show good-
ness of fit Gx for the solution of 50 galaxies obtained with and
without the SVD stopping criteria.

4.1 VESPA and MOPED

Our sub-sample consist of two plates from the SDSS (0288
and 0444), from which we analyse a total of 821 galaxies. We
are mainly interested in comparing the results in a global
sense. Any comparison between individual cases would be
inconclusive, given the uncertainty in MOPED’s (and to a
lesser extent, VESPA’s) ability to reliably contrain the star
formation history of individual galaxies. (However, we find
it instructive to present a few cases for illustrative purposes).

Figure 10 shows the recovered average star formation
history for the 821 galaxies using both methods, plotted
both as star formation mass fractions and star formation
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From SDSS spectra we typically recover:
 2 stellar populations (age and metallicity),

a dust component, 
and a stellar mass.
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VESPA can provide star formation and metallicity histories which are robust for 
each individual galaxy. But beware:

Low SNR and/or poor wavelength coverage will give solutions which are 
essentially unconstrained - we are data-limited.

VESPA can only do as well as the models which we feed in - we are model-
limited - but new and better models are continuously being developed.

VESPA is sensitive to poor photometric calibrations, but we are working on 
that.


