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Abstract. We use a bayesian formalism to quantify the uncertainties in the determination of
the luminous mass and age of the dominant stellar population in a galaxy obtained from simple
spectral fits. The analysis is performed over a sample of synthetic spectra covering a wide range
of star formation histories and seen at different ages and redshifts. Using the bayesian approach
we can establish quantitatively the uncertainties in the parameters derived from these fits in a
straightforward manner, which is not possible using some simple algorithms, e.g. GASPEX, a
non-negative least-square fitting algorithm.
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1. Introduction

SED fitting methods have proven successful in carefully reproducing the observed SEDs
with a vast variety of galaxies. It is well known that, in spite of the success in the spectral
fitting process, the recovered physical parameters suffer from uncertainties that must be
evaluated and made publicly available to the final users of such information. Walcher
et al. (2010) present a wide discussion on this topic, showing the main techniques used
to fit SED models to observations of galaxies, including an analysis of the limitations
and uncertainties behind this processes. Bayesian fitting, and bayesian analysis of the
uncertainties, is currently a common way to investigate the accuracy to which physical
parameters are derived from galaxy spectra. Kauffmann et al. (2003), Da Cunha et al.
(2008), Acquaviva et al. (2011), Benitez (2000), Pirzkal et al. (2011) are some of the
authors who report the accuracy of their results by means of this technique.

2. Method

Our test is based on Dinbas3D, a dynamical method, successfully implemented to fit
the spectra of simple and composite stellar populations, which has been proved to recover
with great accuracy the mass and ages of galaxies of a variety of star formation histories
(Mateu 2009; Cabrera 2011). In Dinbas3D the model galaxy’s SED is assumed to be
a linear combination of three simple stellar population SEDs f;(A), from the library of
Charlot & Bruzual (2007), of arbitrary ages t;:
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Figure 1. Right panel: 2D posterior pdf as a function of mass and mass-weighted age. Contours
represent 1o, 20 and 3¢ confidence intervals. The black dot corresponds to the minimun y?
model. Left Bottom: Derived star formation rate, as a function of age. Left Middle: Problem
spectrum (black), minimun x? fit (grey). Left Top: Input and best fit parameter summary.

and the best fitting model is the model with the three pairs a;,t¢; that minimizes the
difference:
Xz = Z(Fmod()\l) — Fops ()\l))Q/UZQ
1

We use the Charlot & Bruzual (2007) stellar population synthesis models to generate
a library of ‘mock galaxy’ spectra. For z=0, we choose a subset of the star formation
rate histories suggested by Kauffmann et al.(2003), and for z > 0, the SFR was set equal
to exp(—t/T = 1) or SSP for z > 1. We add random gaussian noise corresponding to a
constant S/N ratio equal to 20. In order to explore the robustness of the solutions, and
to quantitatively report the uncertainties in the physical parameters (mass and age), we
compute 10% models with a;,t; randomly drawn from a prior, Prior(a,t), probability
distribution function (pdf), which is uniform in a; and log(t;). We then evaluate the pos-
terior pdf p(a,t|F,,s) = Prior(a,t)exp(—x?/2) at each of these models and marginalize
it to obtain the 2-D posterior p(Mass, MW Age|F,5), which depends only on the total
mass and the mass-weighted-age. The best-fitting solution is thus given by the maxi-
mum of p(Mass, MW Age|F,,s) and the mass and age uncertainties are given by the
corresponding 1o confidence intervals.

3. Conclusions

In Figures 1 and 2 we synthesize the results of our spectral galaxy modelling. For each
galaxy we show the 2D posterior pdf as a function of mass and mass-weighted age, the
recovered star formation history, together with the numerical values of the best solution
and the input parameters. We conclude that:
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Figure 2. Same as figure 1

e For galaxies forming large amounts of stars at present or in the recent past, the
uncertainty can be as large as a factor of 2 in age and a factor of 2.6 in mass. (Figure 1)

e Using a bayesian formalism we find that the mass and mean galaxy age can be
estimated with a 10—15% accuracy for quiescently star forming galaxies.

e The more exact and precise solutions are obtained for galaxies with pure old popu-
lation (Figure 2)

e The uncertainty in the derived mass and, to a lesser extent, in age, increases with
redshift.

e In general, the same results are obtained if we use more than 3 components in the
fits
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