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OPTIMIZING FUTURE SURVEYS ON GALAXY EVOLUTION

A. Gil de Paz1,2,3 and B. F. Madore1,3

We present new results on the optimiza-
tion of broad-band photometry observations
designed to analyze the physical proper-
ties of galaxies at different redshifts. We
have computed the uncertainties expected
in the derivation of the star formation his-
tory (SFH), age, metallicity, and reddening
of galaxies when comparing broad-band pho-
tometry with the predictions of evolutionary
synthesis models as a function of (1) the ob-
servables available, (2) the observing errors,
and (3) the galaxy properties themselves.

We have generated a large number (9000) of syn-
thetic galaxy colors parametrized by different SFH
(0.2<τ<6 Gyr), ages (3 Myr<t<12 Gyr), metallic-
ities (1/5 Z�<Z<5 Z�), reddenings (0.0<E(B −

V )<1.0 mag), and redshifts (z=0.0, 0.7, 1.4). We de-
termined the luminosity in different bands and the
colors for each individual galaxy in the sample us-
ing the predictions of the GISSEL99 evolutionary
synthesis models (Bruzual & Charlot 1993). John-
son/Cousins and SDSS optical bands, JHK nIR
bands, and GALEX UV-bands were considered. Us-
ing the number of ionizing Lyman photons predicted
we also computed the contribution of the nebular
continuum and most intense emission-lines to these
bands. Finally, the colors obtained were reddened
using the corresponding E(B − V ) values.

Grouping the colors deduced for these galaxies
in different sets and comparing them with the evolu-
tionary synthesis models allows us to explore system-
atics and determine the set of observables that result
in minimum differences between the actual (input)
galaxy properties and the derived (output) proper-
ties. This comparison is done using a combination
of Monte Carlo simulations, a maximum likelihood
estimator, and a PCA algorithm (Gil de Paz et al.
2000; Gil de Paz & Madore 2002). This procedure
provides us with the mean derived properties, the
1-sigma errors, the PC1 vector, and the input prop-
erties of all galaxies in the sample.
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The analysis of the dependence of these quanti-
ties upon (1) the set of bands available, (2) the ob-
serving errors, and (3) the galaxy properties shows:

• At low-z: In order to determine the SFH, age,
and dust extinction with relatively small uncer-
tainties the use of U -band data is fundamental.
The availability of K-band data also allows a re-
duction in the age and metallicity uncertainty,
but the use of additional J and H-band data is
redundant.

• At intermediate-z: The age uncertainty is
smaller than in the nearby-galaxies’ case and
shows a strong bias toward younger ages. A sig-
nificant reduction of this effect and of the metal-
licity uncertainty can be achieved when JHK

data are used. The dust-extinction uncertainty
is larger for larger values of the dust extinction
itself. The use of U -band data provides an im-
portant reduction of this dependence and of the
mean dust-extinction uncertainty.

• At high-z: The uncertainty in the determi-
nation of the timescale for galaxy formation is
larger than at lower redshifts. The age of the
stellar population is also derived with a large
uncertainty, only reduced when JHK data are
available. The dust-extinction in these galax-
ies can be derived to a very high accuracy even
when only optical data are available. The use of
JHK data is fundamental in order to improve
both the age and metallicity determinations.

Some of the conclusions drawn above can also be
found through the literature expressed in a qualita-
tive way. However, this work constitutes the first
systematic and quantitative study on the optimiza-
tion of broad-band photometry for galaxy evolution
studies. Beyond the results shown in this paper, we
can also derive, upon request, the uncertainties and
degeneracies in the galaxy properties for a given set
of filters, observing errors, and galaxy redshifts.
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