
Universitat de Barcelona

Departament d’Astronomia i Meteorologia

Diseño y caracterización del

sistema fotométrico de la

misión Gaia de la Agencia

Espacial Europea
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Bienio 2000–2002
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En el mismo momento en que el hombre descubrió la vastedad

del universo y se dio cuenta de que aun sus más disparatadas

fantaśıas eran ı́nfimas comparadas con la verdadera dimen-

sión de la Vı́a Láctea, tomó medidas para asegurar que sus

descendientes no pudiesen ver las estrellas en lo más mı́nimo.

(...) A medida que avanzaba la tecnoloǵıa y se contaminaban

los centros urbanos, las noches se fueron quedando sin estre-

llas. Nuevas generaciones alcanzaron la madurez ignorando

totalmente el firmamento que hab́ıa pasmado a sus mayores y

estimulando el advenimiento de la era moderna de la ciencia

y la tecnoloǵıa. Sin darse cuenta siquiera, justo cuando la as-

tronomı́a entraba en su edad de oro, la mayoŕıa de la gente

se apartaba del cielo en un aislamiento cósmico que sólo ter-

minó con los albores de la exploración espacial.

Carl Sagan (1934-1996)

Astrónomo estadounidense.
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Summary of the thesis

The aim of this thesis is to design the photometric system for Gaia space mission

(ESA), to be launched at the end of 2011. This set of bands must allow the correct

classification of Gaia sources, parameterize them in terms of their physical properties

and, furthermore, permit the evaluation of the chromatic effects in the astrometric

measurements.

The considered payload design (Gaia-2), include broad and intermediate photo-

metric bands. The recent payload design changes (February 2006), substitutes the

filters by low resolution spectrophotometry. This change was produced, ensuring

the correct identification of the spectral regions covered by the photometric bands

proposed in this PhD, accepted previously to this change in the design. In this way,

Gaia-3 implements the same photometric system considered here but with prisms,

instead of filters.

The intermediate band filters are more effective to measure discrete spectral

features. But for the fainter stars without enough signal in intermediate bands, and

for the very crowded stellar fields, Gaia have also broad band photometry alocated

in the astrometric instrument, with higher angular resolution.

There are a lot of existing photometric systems, but none of them is optimum

for Gaia, due to wide kind of stars, the large amount of sources to be observed with

Gaia (109) and due to the wide aparent luminosities to be observed by the satellite.

In photometric system design it was needed to have clear in mind the scientific

targets of the mission and, in particular, of photometry. A list of key scientific

targets (ST) was created, prioritizing them as function of their importance in the

global context of Gaia. The photometric system was then optimized according to this

priorities. In this way, we decided to optimize the system for isolate stars, without

multiplicities and, among these, the crucial stars to understand the Milky Way.

The used methodology was to look at the useful stars to study each of the galactic

populations, identifying the best tracers for each scientific goal and selecting the

representative stars at different directions, distances, interstellar absorption, etc.

The final ST list is formed by 9183 stars. There were also considered some non

prioritary sources and there were introduced “a posteriori” to produce some changes

in the photometric system without losing the ST characterization (for instance, the

optimization of the band centered on Hα to detect the emission line stars.
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Along this thesis, we have developed a simulation tool of Gaia photometric ob-

servations. This simulator is flexible enough to adapt changes in the instrument and

in the passbands. The goal is to simulate the detected photon counts and the asso-

ciated error, considering both the end of the mission or a single transit. This errors

are useful to make an estimation of the astrophysical parameters determination and

their associated recovered uncertainties.

The different proposals to be the Gaia photometric system were evaluated objec-

tively using a mathematical entity, called Figure of Merit (FoM), to show how good

the results were for each photometric system, independently with the classification

and parameterization algorithms. Using this FoM, we could propose changes in the

passbands to increase the value of the FoM, and getting the optimum photometric

system for Gaia. The FoM concept is based on the characterization of the sensitivity

of the passbands to slight changes on the astrophysical parameters of the observed

source. Changes in the fluxes are compared with the observational errors, consid-

ering in some cases a certain a priori knowledge of the source (as for instance, the

knowledge of the parallax from astrometry).

The result of this study was the creation of C1M (medium band) and C1B (broad

band) systems, with 14 and 5 bands, respectively. As a brief summary, 3 of the C1B

bands are located at the left of Hβ line, on Hα line and at the right of the Paschen

jump. The other 2 passbands fill the gap between the other passbands. In C1M

system the passbands are located to measure the Balmer jump and Balmer series,

the CaII H line, the MgI+MgH bands, TiO bands for cold stars and CN bands for

R and N type stars. an extra passband is located to measure the flux at the spectral

range covered by the radial velocity spectrometer, wich measure the Ca triplet.

Once the Gaia photometric system is defined, the final chapter of the the-

sis deal with the inverse problem, trying to recover the astrophysical parameters

from C1M+C1B observations. This job is done by the classification working group

(ICAP), but in this thesis we give some guides to deal with this subject, using the

criteria to propose the set of bands. The color-color diagrams showed could be used

in the future to the creation of the classification algorithms.
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2.1.1. Poblaciones galácticas . . . . . . . . . . . . . . . . . . . . . . 32

2.1.2. Clasificación y evolución estelar . . . . . . . . . . . . . . . . . 35
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6.2.1. Estrellas con ĺıneas de emisión . . . . . . . . . . . . . . . . . . 239

6.2.2. Cuásares . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240
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7. Conclusiones y trabajo futuro 247

7.1. Conclusiones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247

7.2. Diseño actual de Gaia . . . . . . . . . . . . . . . . . . . . . . . . . . 251

7.3. Trabajo futuro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 256
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