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ABSTRACT

If unsupported by appropriate diagnostic data, Gaia
would yield immense numbers of positions and veloci-
ties of objects whose astrophysical nature would be un-
known. The core science case requires measurement of
luminosity, effective temperature, mass, age and chemi-
cal composition for the stellar populations in the Galaxy
and its nearest neighbours. These quantities can be de-
rived from the spectral energy distribution of the stars, i.e.
through high-quality multi-band photometry. The current
proposals for broad and medium band photometric sys-
tems, their capabilities for the astrophysical parametriza-
tion of the stars and hence the expected precision of the
stellar populations characterization are reviewed.

Key words: Gaia; Photometry; Galactic astronomy; Stel-
lar classification.

1. INTRODUCTION

After five years of scanning the entire sky, Gaia will
have observed about one billion objects down to Vi, ~
20 — 26. The photometric measurements are indispens-
able in providing the basic tools for classifying those ob-
jects as stellar or non-stellar and for parametrizing them
according to their nature. Classification and parametriza-
tion across the entire Hertzsprung-Russell diagram has to
be feasible as well as the identification of peculiar ob-
jects. To achieve this it is necessary to observe a large
spectral domain, extending from the ultraviolet to the
infrared. The photometric measurements must be able
to determine (i) effective temperatures and reddening at
least for OBA stars (needed both as tracers of Galactic
spiral arms and as reddening probes), (ii) at least effec-
tive temperatures and abundances for late-type giants and
dwarfs, and (iii) luminosities for stars having large rela-
tive parallax error, and all of this with an accuracy suffi-
cient for the quantitative description of the chemical and
dynamical evolution of the Galaxy over all galactocentric
distances.

To be able to reconstruct Galactic formation history the

distribution function of stellar abundances must be deter-
mined to ~ 0.2 dex, while effective temperatures must be
obtained to ~ 2 per cent. These yield an uncertainty of
~ 2 Gyr in the age determination. The same precisions al-
low separation of stars belonging to different populations
(i.e., disc and halo stars, and also thin and thick disc pop-
ulations). Separate determination of abundance of Fe and
a-elements will be essential for mapping Galactic chem-
ical evolution.

Photometry is also necessary to account for the chromatic
aberrations in the astrometric focal plane to achieve the
microarcsec accuracy level.

This paper reviews the capabilities of the current Gaia
photometric systems and the estimated accuracies of the
derived stellar parameters. The paper is the result of the
contributions by many members of the Photometry Work-
ing Group.

2. INSTRUMENT DESCRIPTION

Briefly, the Gaia satellite will perform photometric mea-
surements by means of two physically separated tele-
scopes: the Astro instrument, which is primarily designed
for astrometric observations, and the Spectro instrument,
primarily used for photometry and radial-velocity mea-
surements. The two instruments differ widely in spatial
resolution, available integration time, and the number and
type of filter bands that can be used.

The astrometric focal plane is basically divided into two
fields. One for the detection, confirmation and astromet-
ric measurements themselves and a second one devoted
to broad-band photometric measurements.

The accuracy of the astrometry is higher as the signal in-
creases and therefore the astrometric field is not equipped
with any filter, i.e., it measures white light. The associ-
ated very broad-band magnitude, G, defined by the wave-
length coverage of the CCDs (~ 400 — 1000 nm), is de-
scribed in Section 3.

In order to attain the nominal astrometric accuracy de-
sired for Gaia, measurements must be compensated for
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the residual chromaticity. This is only possible with the
knowledge of the spectral energy distribution of each
observed target in the wavelength range covered by the
CCDs. This is the main purpose of the broad-band pho-
tometry (BBP), described in Section 4.1.

The Spectro focal plane is entirely devoted to the
medium-band photometry (MBP) and its goal is to deter-
mine stellar astrophysical parameters to enough accuracy
for the understanding of the composition, formation and
evolution of the Milky Way. As stated above, this is done
through accurate determinations of abundances and ages.
The MBP is described in Section 4.2.

All observations are made with CCDs operating in TDI
(drift-scanning) mode, i.e., with the charge image trans-
ported in synchrony with the optical image moving across
the field due to the rotation of the satellite. The rotation
speed is fixed giving a fixed integration time per CCD
crossing, depending on the angular size of the CCD on
the sky. Each CCD may be equipped with an interference
filter defining (together with the mirrors and the CCD) a
certain photometric band. Half of the CCDs in the Spec-
tro focal plane are blue sensitive and half of them are red
sensitive, in order to yield the maximum signal-to-noise
ratio in all the wavelength coverage.

Data from the CCDs are only sampled in certain ‘win-
dows’, i.e., areas centred on each detected star. In this
way the read-out noise and the amount of data to be trans-
mitted to ground are reduced. The current schemes of
sampling are described in Hgg (2004a) and Hag (2004b).

3. THE G MAGNITUDE

Astrometric observations will be performed in white light
(corresponding to a very broad band ~ 400 — 1000 nm).
The associated G magnitude relates with Johnson V' mag-
nitude as shown in Figure 1. In the case of very red ob-
jects, they are about 6 magnitudes brighter in G thanin V,
and therefore, the Gaia limiting magnitude of Gy, ~ 20
translates into Vj;,, ~ 20 — 26, depending on the colour
of the observed object. This very broad-band magnitude,
and its time dependence, can be obtained from the anal-
ysis and rigorous calibration of the primary mission data
(i.e., by determination of the amplitudes as well as the
phase of the astrometric focal plane image). The G mag-
nitude yields the best S/N for variability detection among
all instruments on board Gaia. The estimated precisions
are given in Figure 2 for each transit and at the end of the
mission.

When combined with the parallax (and an estimate for the
interstellar absorption), G gives a measure of the absolute
magnitude. Gaia will ultimately provide absolute magni-
tudes for 180 million stars. And, as Hipparcos did, Gaia
will discover eclipsing binaries, Cepheids, RR Lyrae, etc.
The precision of the light curves at the end of the mis-
sion (with an average of 82 observations) for variable
stars with V' ~ 20 is similar to those of Hipparcos at
V' ~ 9. The Cepheids in the LMC (V ~ 13.5—16.5) will
be measured with single transit precision at the level of

Figure 1. Colour-colour relation providing the G magni-
tude associated to the white light in the astrometric focal
plane.
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Figure 2. Estimated precision of the G magnitude per
passage and at the end of the mission without consider-
ing a minimum threshold error coming from the calibra-
tion of the mission. This minimum error is assumed to be
about 3 mmag.

the calibration errors and those in M31 (V' ~ 19.5—22.5)
with precision from 0.015 to 0.15 mag.

4. BROAD AND MEDIUM BAND PHOTOME-
TRIES

Many ground-based photometric systems exist but none
satisfy all the requirements of a space-based mission such
as Gaia: portions of the spectrum limited on-ground by
terrestrial atmospheric O3 and H,O bands are opened up
to Gaia; classical photometric systems are designed for
specific spectral type intervals or specific objects, while
Gaia must cover the entire Hertzsprung-Russell diagram,
quasar and galaxy photometry, Solar System objects clas-
sification, and many more diverse objects. In addition,



Gaia allows the extension of stellar photometry to galac-
tic areas where the classical classification schemes are no
longer fully valid because of systematic variations in ele-
ment abundances in stellar atmospheres and in interstellar
matter.

Considerable effort is being devoted to the design of op-
timum broad-band (BBP) and medium-band (MBP) filter
systems, taking into account the spectral energy distribu-
tion of the primary targets of Gaia, i.e., those types of
stars crucial for achieving the core science case. Differ-
ent approaches are being used. Munari (1999), Grenon
et al. (1999), Vansevicius & Bridzius (2003), Lindegren
(2003a), Straizys et al. (2004), Knude & Hgg (2004) and
Jordi et al. (2004b) base their proposals on their current
expertise and performances of known photometric sys-
tems, while Bailer-Jones (2004) and Heiter et al. (2004)
derive the optimal location and width of the bands by us-
ing the Heuristic Filter Design code and Principal Com-
ponent Analysis, respectively.

41. BBP

The basic transmittance curve of the interference fil-
ters versus wavelength is a symmetric quasi-trapezoidal
shape. Lindegren (2003c) showed that for chromaticity,
near rectangular filters are acceptable and that the choice
of the separation wavelengths is more important than the
edge widths. The author concludes that four broad bands
are enough to match the chromaticity constraints (r.m.s.
residuals < 5 uas).
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Figure 3. The V1B BBP system is overplotted on the spec-
tral energy distribution of an A0 V star (dotted line)

With an angular resolution better than that of the MBP,
the BBP will be crucial for astrophysics in the cases of
close pairs and crowded fields. This is important for ar-
eas of the sky with a stellar density larger than 50 000 —
100 000 stars per deg?. These regions cannot be observed
satisfactorily with the medium-band photometry system
due to the angular resolution of the Spectro telescope.
To obtain the maximum astrophysical return, five bands
are preferred to four, and most of the current proposals
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are considering five filters like the ones by Lindegren
(2003a), Straizys (2004) and Jordi & Carrasco (2004a).
Figure 3 shows the best performing system at present.
The system behaves similarly to the BV RI Johnson sys-
tem in terms of derivation of astrophysical quantities.
Other systems under evaluation intend to improve the lu-
minosity determination of early-type stars.

As an example of the attainable precisions, Figure 4
shows the estimated error of magnitudes as a function of
V' apparent magnitude and spectral type for the V1B pro-
posal.
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Figure 4. Estimation of the end-of-mission precisions for
the five bands in the V1B proposal by StraiZys (2004) as
a function of V apparent magnitude and spectral type
without considering a minimum threshold error coming
from the calibration of the mission. This minimum error
is assumed to be about 3 mmag. The central wavelength
of the filter is indicated by the last digits in the name.

4.2. MBP

As stated above, the MBP aims to classify the observed
objects (star, solar system body, QSO, ...) and to char-
acterize them in terms of astrophysical parameters (i.e.,
Teg, luminosity or log g, [M/H], anomalies, emission, ...).

To ensure this, several bands are devoted to measuring
the continuum, indicative of the effective temperature and
interstellar absorption, and others to measuring the spec-
tral features sensitive to luminosity and/or abundances.
The ultraviolet domain contains the most useful informa-
tion on gravity and interstellar reddening for OBA-type
stars, and on metallicity for FGK-type stars. In the in-
terval 375 — 445 nm, most lines belong to iron peak el-
ements but there are also CN bands, strong Call lines,
the Q and R branches of CH radical and the P branch,
although this is less intense. This range is especially im-
portant for metallicity determination for FGK stars. The
Mg/MgH feature at 510 nm is sensitive to gravity for late
type stars and to Mg abundances. The red part of the
available spectral range is dominated by the TiO bands
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Figure 5. A current MBP proposal of 12 bands, named
F7M (Jordi & Carrasco 2004b), is overplotted on the
spectral energy distribution of A0 V, G2 V and K7 V type
stars (dotted lines).

for M type stars and by a strong CN band for C-stars al-
lowing TiO and CN abundances determination.

Current MBP systems proposals consist of 10 to 13 dif-
ferent filters with widths ranging from 10 to 80 nm. A
current proposed system with 12 bands is shown in Fig-
ure 5. Briefly, the bands at ~470, ~585, ~825, ~890 and
~965 nm measure pseudo-continua for most of the stars;
the bands at ~325, ~385 and ~410 nm are located in the
wavelength range containing the information on chemi-
cal abundances for FGK-type stars, as stated above; the
bands at ~510 and 780 nm are centred in the Mg Ib triplet
and the TiO absorption band, respectively; the ~860 nm
band covers the wavelength range of the radial-velocity
spectrometer and finally, the band at 656 nm measures
the strength of the H,, line that depends on temperature
for early-type stars and that additionally allows to iden-
tify emission line stars. The Balmer and Paschen jumps,
related with luminosity for early-type stars are well cov-
ered by the ~325 and ~410 nm bands and the ~825 and
~890 nm bands, respectively. Carbon stars are identified
with the band at ~825 nm. The associate end-of-mission
errors for several colour indices are shown in Figure 6.

Intensive work is in progress to optimize the red bands
for improving the reddening determination of intermedi-
ate type stars and the blue bands for investigating the a-
elements abundance determination. TautvaiSiene & Ed-
vardsson (2002) made a raw estimation of the precisions
that could be obtained for a/Fe abundance determination.
They obtained uncertainties of about 0.2 dex for G and K
giants with V' ~ 18 and dwarfs with V' ~ 16.5 for thick
disc stars if bands of about 8 — 10 nm were placed on the
Ca Il H and K lines and Mg Ib triplet, taking advantage
of the inverse behaviour of the Ca Il and Mg changing
values of [Fe/H] and [a/Fe]. However, it is unlikely that
photometry can provide a-elements abundances for the
faintest giants and dwarfs observed by Gaia.
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Figure 6. End-of-mission precision of several photomet-
ric indices obtained with the F7M system, without con-
sidering a minimum threshold error coming from the cal-
ibration of the mission. This minimum error is assumed
to be about 3 mmag.

5. PHOTOMETRY PERFORMANCES

The evaluation of the photometric capabilities follows
several steps described in the next sections.

5.1. Definition of Test Population

For every galactic stellar population and according to the
scientific goals of Gaia, several kinds of stars were se-
lected as Scientific Targets and a priority was assigned
to them (Jordi et al. 2004a). These stars have been con-
sidered at different directions in the Milky Way and at
different distances, according to a Galaxy Model (Torra
et al. 1999) and they have been reddened according to a
3D interstellar absorption model (Drimmel et al. 2003)
and assuming a standard extinction law. This results in
a set of about 6500 targets each one with its estimated
parallax error according to the colour and the apparent
magnitude. The targets in the halo are considered to have
[Fe/H] abundances from —4 to —1 dex and [«/Fe] abun-
dances from 0.2 to 0.4 dex; for the thick disc targets we
assumed [Fe/H] from —1 to 0 dex and [a/Fe] = 0.2 dex;
for the thin disc targets, [Fe/H] from —1 to 4+-0.5 dex and
[a/Fe] —0.2 to 0.0 dex, and, finally, for the bulge targets,
we assumed [Fe/H] as for the thin disc and [a/Fe] from 0
to 0.4 dex.

5.2. Simulated Photometry

For the simulation of synthetic white light (G), BBP and
MBP fluxes and their corresponding error, spectral en-
ergy distributions (SEDs) for the scientific targets in the
test population were taken from BaSeL (Lejeune et al.
1998), NextGen (Hauschildt et al. 1999) and MARCS



(Gustafsson et al. 2004) libraries. The well known BaSeL
library covers the whole HR diagram and [M/H] abun-
dances from —5 to +1 dex, but it does not consider
[a/Fe] abundances different from solar. A new version of
NextGen library is being built taking into account Gaia
mission needs (Hauschildt et al. 2003). This library in-
cludes SEDs for stars cooler than 10000 K with [M/H]
ranging from —2 to +0 dex and [«a/Fe] from —0.2 to
+0.4 dex. Finally, a new version of MARCS library also
taking into account non-solar a-elements abundances
for Gaia purposes, provides coverage for T.g between
3000 K and 5000 K, [M/H] from —4 to 4+0.5 dex and
[a/Fe] from +0 to +0.4 dex.

The end-of-mission magnitude errors were computed tak-
ing into account the signal-to-noise ratio, the sky back-
ground contribution, the RON and the mean total num-
ber of observations, plus a margin error from unknown
sources of 20%. The calibration errors introduce a min-
imum threshold magnitude error that we assumed to be
3 mmag for the end of mission. The results of the Photo-
metric Data Analysis (Brown 2005) will better assess the
value of this threshold.

5.3.  Uncertainties of Astrophysical Parameters

Following Lindegren (2003b), consider the astrophysical
parameters determination as a linearized least-squares es-
timation of Ap, with ' the vector of & astrophysical pa-
rameters, where the observation equation resulting from
the normalized flux ¢ measured in filter j (j = 1,n
bands) is:

a .
S % pp = A+ ®
i=1,k Ipi

where Ag; = ¢j.obs — ¢j(p) isthe O — Cin flux and +
indicates the flux uncertainty. The 0¢;/0p; values con-
stitute a sensitivity matrix, S, of n x k elements. Ob-
servation equations of unit weight are formed through di-
vision by €;, whereupon normal equations are formed in
the usual manner. The covariance of the estimated vector,
Dpost, 1S then given by the inverse of the normal equations
matrix:

Cy. = (B+87C;'S) B @

The matrix B is a positive definite matrix with the a
priori information of the astrophysical parameters vec-
tor p and it is introduced to avoid infinite or very large
values of the elements in Cj  caused by the degen-
eracy among the astrophysical parameters. In the ab-
sence of any other information, the a priori information
is given by the range of possible values of the p; parame-
ters, B = diag(U;pQrior). In this paper, the information
coming from the parallax and its error has been intro-
duced in this a priori matrix information, following Lin-
degren (2004). Other information could be added (known

47

reddening in a certain galactic location, ranges of abun-
dances according to galactic populations, ...). When the
photometric system does not provide any relevant infor-
mation on a given astrophysical parameter p, (either be-
cause of the flux variances in C are too large or because
the elements of the sensitivity matrix S are too small),
then Oj,post = Oj prior-

The mean O—TeffA,post/Teff: O A, ,posty Ulogg,post and
oM/ /H),post DY groups of targets and for three directions
in the Galaxy are shown in Figures 7 to 9. The figures
are for the case of using the BaSelL2.2 SEDs library and
combining white light, BBP and MBP fluxes with par-
allax information. The fluxes measured at the different
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Figure 7. Estimation of the precisions of the main as-
trophysical parameters in the Galactic pole direction for
several groups of stars. The interstellar absorption is as-
sumed to reach 0.3 mag at 1 kpc and to be constant from
this distance.
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Figure 9. Estimation of the precisions of the main astro-
physical parameters in the plane and Galactic anticenter
direction. Interstellar absorption is assumed to vary from
0.3 mag at 500 pc to 3.5 mag at 5 kpc and to be constant
from this distance.

bands are assumed to vary only due to changes in T,
Ay, log, and [M/H]. Different libraries predict different
0i.post Values, being the largest differences for cool stars
(below 4000 K), for which Kurucz atmosphere models
are not appropriate.

The bulge stars are faint because of the distance and the
high reddening. In areas of low reddening, as in Baade’s
window, the stellar density is large and the MBP pho-
tometry will not be available. In that case, the derivation
of stellar parameters from only G, BBP photometry and
parallax is less precise. In spite of this, the estimated
04, post fanges from 0.2 to 0.6 mag, o1, post/Lesr from
1 to 10% and Tlog, ,post from 0.1 to 0.5 dex, depending
on the spectral type. In the case of highly reddened ar-
eas, the stellar density allows MBP measurements, and
although the stars are very faint the estimated precision of
the astrophysical parameters is still acceptable: o4, post
ranges from 0.4 to 1.0 mag, o1, post /et from 2 to 15%
and Olog, post from 0.3 to 0.7 dex.

The obtained uncertainties in the parameters may seem
too optimistic, but they are not necessarily so. On one
side it is true that the estimation of the o; st in the way
explained above assumes that the changes in the mea-
sured fluxes of a given star, and hence the changes in
its SED, are only due to changes of the p; parameters
in 7. It also assumes that the changes of the SEDs with
the p; parameters, i.e. 0¢;/0p;, match the changes of
the true stars. In other words, cosmic dispersion (the
effects of rotational velocity, magnetic fields, chemical
composition differences element by element, differences
on the interstellar extinction law and so on) and inaccura-
cies of the SEDs libraries are not taken into account. An
additional source of uncertainty comes from the classifi-
cation and parametrization algorithms (see Bailer-Jones
(2005)). The uncertainties due to the algorithms them-
selves, because of non full efficiency and lack of knowl-
edge of the true stellar astrophysics, is not taken into ac-

count either in the present formalism.

But, on the other hand it is also true that Gaia photom-
etry provides about 17 colour indices for every observed
target, to which the information coming from the parallax
has to be added. There is no precedent for deriving stellar
astrophysical parameters in such a way.

Therefore, although the o; ,0s¢ here are the maximum
precision that can be obtained, we estimate that the main
uncertainty will come from the imperfect knowledge of
the SEDs of the true stars and not be due to an imperfect
design of the photometric system.

6. GALAXY STRUCTURE AND EVOLUTION
STUDIES

The “‘Gaia Concept and Technology Study Report’ (ESA
2000) defines the Gaia science case and the main trac-
ers of every topic. A brief and incomplete list of those
concerning Galactic structure and evolution are:

1- Chemical abundance galactocentric distribution: G
and K giants

2— Age galactocentric gradients, SFR: HB stars, early-
AGB, MS turn-off stars

3- Disentangling age-metallicity degeneracy: MS turn-
off, subgiants

4— Star formation history: MS stars earlier than G5V, sub-
giants

5- Detailed knowledge of LF: low MS stars

6- Halo streams, age and chemical abundance determi-
nations: G and K giants

7- Outer halo (R > 20 kpc), accretion and merging: G
and K giants and HB stars

8- Earliest phases of evolution of the Galaxy: most
metal-poor stars, C- subgiants and dwarfs near the turn-
off

9- Distance scale: RR-Lyrae, Cepheids

10- Thick disc formation mechanism (pre- vs post-thin
disc): G and K giants, HB stars

11- Merging and/or diffusion: high velocity A-type stars
12— ‘in situ’ gravitational potential, K., age-velocity re-
lation: F-G-K dwarfs

13- Large scale structure (warp, asymmetry): K-M giants
14— Interstellar medium distribution: O-F dwarfs

15- Large scale structure (spiral arms, star-formation re-
gions): OB stars, supergiants

16— Star formation rate in the bulge: RGB, AGB

17— Shape of the bulge, orientation, bar: RGB, AGB, Red
clump stars

Groups of stars in Figures 7-9 correspond to these scien-
tific topics.

6.1. Chemical Abundances

The 2001 version of the [Fe/H] catalog by Cayrel de Stro-
bel et al. (2001) compiles high-resolution, high S/N ratio
spectroscopic determinations of [Fe/H] for F, G and K



stars. The typical or., ) for the stars with several mea-
surements is 0.10 — 0.15 dex, although several ones reach
0.4 dex.

Figures 7 to 9 show that Gaia photometry is able to match
the spectroscopic precision up to about 1 — 2 kpc from the
Sun depending on the Galactic direction (i.e., the redden-
ing) for F-M dwarfs and subdwarfs. For giants in the
red clump and the red giant branch, being brighter, the
same precision is attainable up to about 4, 7 and 12 kpc
in the center, anticenter and orthogonal galactic direc-
tions, respectively. This result ensures: a) the determi-
nation of the chemical abundance galactocentric gradi-
ent, b) the classification of the stars as belonging to dif-
ferent stellar populations, c) the characterization of halo
streams (a KIII giant at 30 kpc carries an uncertainty
of opny/m)post = 0.2 dex if [M/H]~ -2 and 0.4 dex if
[M/H]= — 4), d) the distance scale through the metallic-
ity determination of RR-Lyrae, among other goals.

As usual, low metallicities are more poorly determined
than solar or higher metallicities. Cool unresolved bina-
ries tend to mimic a single star with less metal content.
As an example, G and K dwarfs with companions fainter
by 1.5—2 mag yield to A[M/H]~ — 0.4. This bias de-
creases to A[M/H]~ -0.2 when Am = 3.

6.2. Interstellar Extinction and Effective Tempera-
ture

The determination of effective temperatures (or intrinsic
colours) and absolute magnitudes requires accurate de-
terminations of interstellar extinction and the interstellar
extinction law. If a standard extinction law is assumed,
optical photometry allows the direct determination of the
individual reddening for main sequence early-type stars
(see Figures 8 and 9), but not for the late-type stars, be-
cause A, and T.g determinations are degenerate. Addi-
tional information for late-type stars is then needed.

Due to the very uneven distribution of dust in all three
dimensions, an account of reddening by some kind of
sky map is impossible, especially at low galactic lati-
tudes. Meanwhile the extinction law also varies across
the Galaxy due to different chemical compositions and/or
different size distributions of the dust (Fitzpatrick 1999;
Draine 2004). The extinction law in the optical is primar-
ily a function of the size distribution of the dust. Vari-
ations in the extinction law in the NIR may be due to
metallicity effects, but these variations are much smaller
than those in the optical and not necessarily correlated.
To go from A to Ay one will still need some indepen-
dent indication of the extinction law in the optical, or as-
sume a standard extinction law.

In addition to the diffuse interstellar band at 862 nm, lo-
cated in the wavelength range covered by the RV spec-
trograph, the equivalent width of the calcium triplet, in
combination with a reddening-free colour index formed
from a medium and broad band with ‘identical’ central
wavelengths, can be used to estimate the extinction.

During the luminosity calibration of 2MASS photome-
try for A9-K5 main sequence stars, Knude & Fabricius
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(2003) noticed significant reddening vectors in the M ;
vs. (J — H),ps diagram where M ; was estimated from
Hipparcos parallaxes = > 8.0 mas and o, /7 < 0.11, as-
suming that reddening was negligible. \ectors are most
pronounced for the A type stars but are also present for
cooler ones. From these vectors the reddening law may
be estimated even for various spectral classes if the stel-
lar density is large enough. Similar diagrams may be
constructed from Gaia astrometry and BBP and MBP
for the optical region and for the infrared from 2MASS,
UKIDSS and VISTA surveys so that regions with abnor-
mal extinction can be identified.

Effective temperatures with an uncertainty of ~ 2% are
achievable for all observable red giants in the halo and
most of them in the galactic plane. For cool dwarfs, be-
ing fainter, this is true for distances shorter than 2 kpc.
For early dwarfs, being bright and with a well determined
reddening, the achievable distance for the 2% error is
about 4 and 10 kpc in the galactic center and anticenter
direction, respectively.

6.3. Absolute Luminosity and Surface Gravity

Photometry will be crucial for the determination of abso-
lute luminosities (or surface gravities) in the case of large
parallax relative error (>10—20%). Absolute magnitude
calibrations could be established with the good parallax
stars and applied to more distant stars in the traditional
way, assuming that they are intrinsically similar to the
good parallax stars, which may not always be the case.
Thus, luminosities at the level of o5, ~ 0.2—0.4 mag
(or o10gg ~ 0.1—-0.2 ex) from photometry is desirable to
match the accuracy of the well measured parallaxes.

Figures 7 to 9 show that at large distances, gravity de-
termination of giants and early-type stars will allow the
study of the large scale structure of the warp, spiral arms,
mapping the star-formation regions and so on.

6.4. Age

As it is well-known, the location of a star in the HR dia-
gram does not allow to unequivocally determine the age
(several combinations of [Fe/H], [«/Fe] and age are pos-
sible). Individual accurate ages would require extremely
accurate determination of temperatures, reddening and
chemical composition, and Gaia will do so.

For ages around 10—14 Gyr, an age variation of 2 Gyr
yields a variation of the log 7.g turn-off of about 0.01 dex
for a given chemical composition. The same variation is
derived when an uncertainty of 0.3 dex in [Fe/H] is con-
sidered for a fixed age. The variation of the «-elements
abundance has a smaller impact on the age determina-
tion than the variation of [Fe/H]. In summary, an uncer-
tainty of about 4—5 Gyr is estimated for the individual
ages from subgiants and stars in the turn-off of halo, thick
and old-thin disc stars up to about 2, 3 and 5 kpc in the
galactic center, anticenter and orthogonal directions, re-
spectively. As usual, subsets of each galactic population
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(such as globular clusters, open clusters, OB associations,
a given halo stream, an identified merger, etc.) can be
treated statistically and ages and metallicities of the sub-
set can be obtained with much better precisions than those
of the individual members.

The age galactocentric gradient, the star formation his-
tory, the disentangling of the age-metallicity degeneracy,
the thick disc formation mechanism and so on, are fully
assured from the present expectations.

7. PRESENT WORK

The present BBP and MBP photometric systems already
assure the Gaia scientific objectives. However, improve-
ment is still possible and an intensive work is ongoing in
the Photometry Working Group investigating the [a/Fe]
abundance determination and the inclusion of a process
of evaluation of the performances for emission line stars
and peculiar stars detection, Solar System objects, QSO,
etc. A procedure for the photometric systems evaluation
is defined in Brown et al. (2004) allowing the identifica-
tion of merits and drawbacks of every proposal and the
convergence up to a unique photometric system.
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