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Abstract. We discuss the study related to the ESA satellite Gaia to be launched in 2013 with
focus on the high precision astrometry of stars and all objects down to limiting magnitude
20. The satellite will also provide photometric and spectral information and hence impor-
tant inputs for various branches of astrophysics including study of cataclysmic variables.
The strength of Gaia in such analyzes is the fine spectral resolution (spectro-photometry
and ultra-low dispersion spectroscopy) which will allow the correct classication of related
objects. The low dispersion spectroscopy provided by various plate surveys can also provide
valuable data for investigation of cataclysmic variables.
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1. Introduction

Gaia is an ambitious mission of European
Space Agency (ESA) to chart a three-
dimensional map of our Galaxy, the Milky
Way, in the process revealing the composition,
formation and evolution of the Galaxy. Gaia
will provide unprecedented positional and ra-
dial velocity measurements with the accura-
cies needed to produce a stereoscopic and kine-
matic census of about one billion stars in our
Galaxy and throughout the Local Group. This
amounts to about 1 per cent of the Galactic
stellar population. Combined with astrophys-
ical information for each star, provided by on-
board multi-color photometry/low-dispersion
spectroscopy, these data will have the preci-
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sion necessary to quantify the early formation,
and subsequent dynamical, chemical and star
formation evolution of the Galaxy (Perryman
2005).

To study cataclysmic variables, there will
be several advantages provided by Gaia. First,
this will be a deep limiting magnitude of 20
mag (Jordi & Carrascol| [2007), much deeper
than most of the previous studies and global
surveys. For example, no detailed statistics of
variable stars has been investigated for magni-
tudes fainter than 18. Secondly, the time period
covered by Gaia observations, i.e. 5 years, will
also allow some studies requiring long-term
monitoring, recently provided mostly by astro-
nomical plate archives and small or magnitude-
limited sky CCD surveys. But perhaps the most
important benefit of Gaia for these studies
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will be the color (spectral) resolution thanks
to the low-resolution (prism) Gaia photometer.
This will allow some detailed studies involv-
ing analysis of the color and spectral changes
not possible before. The details of studies of
cataclysmic variables are described in detail
in the dedicated sub-workpackage within the
workpackage Specific objects studies within
the Gaia CU7 (Hudec & Simon/2007alb).

In this paper we focus on the photometric
mode RP/BP, and its use for analyzes of cat-
aclysmic variables. The use of the dispersive
element (prism) generates ultra-low disper-
sion spectra. One disperser called BP for Blue
Photometer operates in the wavelength range
of 330-660 nm; the other one called RP for
Red Photometer covers the wavelength range
of 650-1000 nm. The dispersion is higher at
short wavelengths, and ranges from 4 to 32
nm/pixel for BP and from 7 to 15 nm/pixel for
RP (Perryman et al.[2006).

2. Cataclysmic variables with Gaia

The photometric sampling provided by Gaia
will not be (for many astrophysical sources)
optimal. However, the fine spectro-photometry
(in reality ultra low resolution spectroscopy)
provided by BP/RP photometers will be unique
and important for many astrophysical investi-
gations with Gaia, including CVs science.

In addition to the long-term photometry,
the most important benefit of Gaia for the stud-
ies of cataclysmic variables (CVs) will be the
fine color resolution.

The CV investigations by ESA Gaia will
focus on the following.

— Precise photometry - typically 80 points in
5 years

— Alert System (photometric) detection of
high states/flares etc need confirmation
and follow-up by ground based RTs (dedi-
cated workpackage Supplementary Optical
Observations within Gaia CU7)

— Ultra Low Dispersion Spectroscopy (LDS)

— Color studies with colors calculated from
Gaia BP-RP LDS

Examples of thevcolor diagrams of OAs of
GRBs are shown in|Simon et al.| (2001}, 2004a),
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of microquasars in Fig. 5, and of supersoft X-
ray binaries in Figs. 6 and 7.

3. Ultra-low dispersion spectroscopy
with Gaia

Despite the low dispersion discussed above,
the major strength of Gaia for many scien-
tific fields will be the fine spectrophotometry,
as the low dispersion spectra may be trans-
ferred to numerous well-defined color filters.
As an example, OAs of GRBs are known to
exhibit quite specific color indices, distinguish-
ing them from other types of astrophysical ob-
jects (gimon et al./[2001} 2004a\b), hence a re-
liable classification of optical transients will
be possible using this method. Microquasars
may serve as another example. The color-
color diagram in Fig.5 contains microquasars
of various types: (1) system with the optical
emission dominated by the high-mass donor —
Cyg X-1, (2) persistent systems with the opti-
cal emission dominated by the steady-state ac-
cretion disk — SS433, Sco X-1, (3) transient
low-mass systems in outburst with the opti-
cal emission dominated by the accretion disk —
GRO J1655-40, XTE J1118+480 (the disk is
close to steady-state in outburst), and (3) the
high-mass system CI Cam on the decline from
its 1999 outburst to quiescence. The systems
plotted, irrespective of their types, display blue
colors, with a trend of a diagonal formed by
the individual objects. This method can be used
even for the optically faint, and hence distant
objects. The color-color diagrams of supersoft
X-ray binaries are shown in Fig. 6 and 7.

The Gaia instrument consists of two low-
resolution fused-silica prisms dispersing all the
light entering the field of view (FOV). Two
CCD strips are dedicated to photometry, one
for BP and one for RP. Both strips cover the
full astrometric FOV in the across-scan direc-
tion. All BP and RP CCDs are operated in
TDI (time-delayed integration) mode. CCDs
have 4500 (for BP) or 2900 (for RP) TDI lines
and 1966 pixel columns (10x30 micron pix-
els). The spectral resolution is a function of
wavelength as a result of the natural disper-
sion curve of fused silica. The BP and RP dis-
persers have been designed in such a way that
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Fig. 1. LDS Case Sky Survey Plate (1.8 deg prism,
left) and Gaia BP image simulated by the GIBIS
simulator (right).
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Fig. 2. Examples of LDS of CVs from Hamburg
Spectral Survey.
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Fig. 3. Examples of LDS of CVs from Byurakan
Spectral Survey.

BP and RP spectra have similar sizes (on the
order of 30 pixels along scan)
[2006)). BP and RP spectra will be binned on-
chip in the across-scan direction; no along-scan
binning is foreseen. RP and BP will be able
to reach the object densities in the sky of at
least 750 000 objects deg~2. The obtained im-
ages can be simulated by the GIBIS simulator
(see Fig. 1).

The algorithms for automated analyzes of
digitized spectral plates are developed by infor-
matics students (Hudec2007). The main goals
are as follows: the automated classification of
spectral types, searches for the spectral vari-
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Fig. 4. Variations in the Balmer jump in SS Cygni.
Left: SS Cyg in outburst: Balmer jump in absorp-
tion, spectral lines in absorption. Right: SS Cyg in
quiescence: Balmer jump in emission (indication of
the presence of a hot, optically thin gas in the sys-
tem), spectral lines in emission (data from Walker
and Chincarini, 1968)

ability (both the continuum and lines), searches
for the objects with specific spectra, correla-
tion of the spectral and light changes, searches
for transients, and application to Gaia. The
archival spectral plates taken with the objective
prism offer the possibility to simulate the Gaia
low-dispersion spectra and related procedures.
We focus on the sets of spectral plates of the
same sky region covering long time intervals
with good sampling; this enables a simulation
of the Gaia BP/RP outputs. The main task is the
automatic classification of the stellar objective
prism spectra on digitized plates, a simulation
and a feasibility study for the low-dispersion
Gaia spectra.

4. Low-dispersion spectral databases

Before Gaia, low dispersion spectra were fre-
quently taken in the last century by vari-
ous photographic telescopes with the objec-
tive prisms. The motivation of plate survey
low-dispersion spectral studies is as follows:
(1) comparison of the simulated Gaia BP/RP
images with those obtained from digitized
Schmidt spectral plates (both using disper-
sive elements) for selected test fields, and
(2) feasibility study for application of the al-
gorithms developed for the plates for Gaia.
The dispersion represents an important param-
eter: (1) Gaia BP: 4-32 nm/pixel, i.e. 400—
3200 nm/mm, 9 nm/pixel, i.e. 900 nm/mm at
Hy, RP: 7-15 nm/pixel, i.e. 700-1500 nm/mm.
PSF FWHM ~2 px, i.e. spectral resolution
is ~18 nm, (2) Schmidt Sonneberg plates
(typical mean value): the dispersion for the
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Fig. 5. The color-color diagram for microquasars.

7 deg prism 10 nm/mm at Hy, and 23 nm/mm
at Hy for the 3 deg prism. The scan res-
olution is 0.02 mm/px, thus about 0.2 and
0.5 nm/px, respectively, (3) Bolivia Expedition
plates: 9 nm/mm, with calibration spectrum,
(4) Hamburg QSO Survey: 1.7 deg prism,
139 nm/mm at Hy, spectral resolution of
4.5 nm at Hy, (5) Byurakan Survey: 1.5 deg
prism, 180 nm/mm at Hy, resolution 5 nm at
Hy. Hence Gaia BP/RP dispersion ~5 to 10
times less than typical digitized spectral prism
plate, and the spectral resolution ~3 to 4 times
less. Note that for the plates the spectral reso-
lution is seeing-limited, hence the values repre-
sent the best values. Gaia BP/RP dispersion is
~5 to 10 times less than typical digitized spec-
tral prism plate, and the spectral resolution ~3
to 4 times less, but on the plates affected by bad
seeing only ~2 times less.

4.1. Most important LDS plate
surveys/databases for Gaia

Many surveys represent the almost full sky
hemisphere coverage. This means that LDS
spectra for almost all objects down to survey
limiting magnitude can be accessed, often even
for various time epochs.

German La Paz Bolivia Expedition:
Southern Sky Coverage D

Hamburg Quasar Spectral Survey D
Digitized Byurakan Spectral Survey D
Northern Halpha MtWilson-Michigan Sky
Survey PD
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Fig. 6. (B— V), vs. (V—R), diagram of supersoft X-
ray binaries. In the red spectral region, giant donors
in symbiotics have the colors expected for isolated
stars. The colors of R Aqr are diminished by 3 mag
in this diagram. For comparison, the x symbols de-
note the colors of old novae from Szkody| (1994).

— Southern Halpha MtWilson-Michigan Sky
Survey PD

Note: D = Digitized, PD = Partly Digitized

5. Conclusions

The ESA Gaia satellite will contribute to scien-
tific investigations of cataclysmic vriables not
only by providing long—term photometry with
but also by use of ultra—low dispersion spec-
tra provided by BP and RP photometers. These
data will represent a new challenge for astro-
physicists and informatics. The nearest anal-
ogy is represented by the digitized prism spec-
tral plate surveys. These digitized surveys can
be used for a simulation and tests of the Gaia
algorithms and Gaia data. Gaia will allows
to investigate the spectral behavior of huge
amounts of objects over 5 years with good
sampling for low—dispersion spectroscopy.

6. Discussion

MARIO MACRI: Can you comment on the
contribution of Antimatter search in space ex-
periments to the understanding of cosmologi-
cal evolution?
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Fig.7. (U-B)y vs. (B— V), diagram of supersoft X-
ray binaries. Notice that some objects lie above the
curve of black bodies; this fact is not affected by the
possible errors in reddening, i.e. in Eg_y. The short
vertical lines denote the B — V indices of the objects
for which no U — B colors are available. The vertical
dashed line separates the region of the short-period
systems (with the orbital period P, < 4 days) from
the long-period ones (mostly symbiotic systems).
Short-period supersoft X-ray binaries form a more
closed group than symbiotics. This suggests that hot
continuum (accretion disk?) with very similar prop-
erties dominates in these short-period systems.

FRANCO GIOVANNELLI: The detection of
exotic cosmic rays due to pair annihilation of
dark matter particles in the Milky Way halo
is a viable techniques to search for super-
symmetric dark matter candidates. The study
of the spectrum of gamma-rays, antiprotons
and positrons offers good possibilities to per-
form this search in a significant portion of the
Minimal Supersymmetric Standard Model pa-
rameter space.
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