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Very bright star science cases

Virtual Object Synchronisation 

The SkyMapper CCDs (SM1 and SM2) identify the the star-like sources that 
Gaia will observe. Data of stars not identified in the SkyMapper are not 
downlinked, thus are lost. The original Gaia bright limit of G=6 was improved 
to G=3 by tuning the onboard parameters of the SkyMapper star detection 
algorithm (Martin-Fleitas et al 2014, Sahlmann et al. 2016).

Forced SkyMapper Imaging

Very bright stars with magnitudes G<6, i.e. the ~6000 stars observable with 
the naked eye, are among the best studied astronomical objects. Securing Gaia 
data for those stars is a unique science opportunity, in particular in what 
concerns astrometry because no other current or planned observatory can 
obtain global astrometry at sub-milliarcsecond level of this stellar sample. 
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The probability that Gaia will 
naturally observe a very bright 
star decreases rapidly at G<3. Gaia Radial Velocity Spectrometer (RVS) 

spectrum of the very bright B2 star HIP 12387 
(V = 4.1) from nominal observations.

For the 230 stars brighter than G=3, we are pursuing two solutions in order 
to observe them as well:  
 
Forced SkyMapper Imaging: The first consists of forcing the acquisition of 
full-frame SkyMapper images and has been in operation since the beginning of 
Gaia’s nominal mission.  
 
Virtual Object Synchronisation: The second method uses Virtual Objects 
whose associated CCD windows are placed at defined locations. They usually 
fall on ‘empty‘ regions of the sky and, for instance, serve to estimate the sky 
background.  The idea of Virtual Object synchronised observations is to 
predict the focal plane crossing of a very bright star and to place a Virtual 
Object window on top of it.  The method has been successfully tested and its 
implementation for the brightest 50 stars (G<1.75) is under study.

Advantages: This is a non-invasive, well-tested method with negligible increase 
in telemetry. It is in operation since October 2014.  
Disadvantages: Only SkyMapper data are collected, which have a fixed  
integration time (CCD gating) and are undersampled by a factor of two 
(~0.11”x 0.35” sample size) compared to the astrometric field CCD data.  The 
more powerful solution of virtual object synchronisation can mitigate this.

Science cases include but are not limited to: 

Parallaxes and proper motions about 10 
times more precise than from Hipparcos, 
e.g. of bright massive stars that are 
fundamental anchor points for stellar 
astrophysics. 

Orbit constraints for very bright binary 
stars (at least 25% of the sample). 

Discover new exoplanets, in particular 
around very bright  A and F stars.  

Accurate masses of known exoplanets 
discovered by radial velocity monitoring, 
see the example below:

Parallax and proper 
motion of GJ676A 
(17 pc away)

Orbital motion  
apparent in the residuals 

The astrometric orbit of GJ676A caused by planet b from 
FORS2/VLT astrometry and HARPS-S radial velocities 
(Sahlmann et al. 2016).  The planet’s true mass is ~6.7 
Jupiter masses.  Gaia naked-eye star observations can 
make similar work possible for tens of known exoplanets.

In addition to very bright stars, the technique 
of forced SkyMapper imaging is also applied 
to capture images of extremely dense fields 
(to mitigate effects of crowding) and of 
events when stars are observed close to 
Jupiter’s limb (for scene reconnaissance).

Because Gaia is constantly spinning and precessing, this method relies on 
accurate temporal (~9 ms) and spatial (~1”) predictions of very bright star 
passages in the Gaia focal plane. 

orbit fit
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Very bright star spectral 
types and distances

Very bright star 
parallax uncer-
tainties from 
Hipparcos.  
Gaia parallax 
uncertainty goal 
is better than 
0.1 mas.

Astrometric orbit 

Sahlmann et al. 2016

At every predicted passage of a very bright 
star, Gaia records 5 seconds of SkyMapper 
full-frame data. The PSF core saturates 
(white pixels) and a nominal model 
(contours) does not reproduce the high 
spatial frequencies, but the images (~5’x6’) 
contain plenty of astrometric information. 
These data are non-nominal and treated 
with an off-line pipeline (Sahlmann et al. 
2016, Gaia Collaboration 2016).

Gaia Collaboration (Prusti, T., et al.): Gaia Data Release 1

Fig. 10. Example sky-mapper SIF image of a very bright star
(HIP 48036, R Leo, a Mira-type variable star). The image shows the
central 200 ⇥ 200 samples (each composed of 2 ⇥ 2 pixels) only. The
colour scale is logarithmic and denotes counts, with white indicating
saturation. The large, asymmetric saturation blob and the saw-edge pat-
tern to the saturation are not optical properties of the point spread func-
tion but the result of known saturation behaviour of the readout node.
The contours, evenly spaced in log-intensity space, indicate a model
point spread function, aligned by eye, for a solar-type star in the as-
trometric field. Di↵erences between the data and the model are due to
the di↵erent spectral type, di↵erent part of the focal plane (sky map-
per versus astrometric field), di↵erent across-scan motion, and the ab-
sence of read-out e↵ects, saturation, charge-transfer ine�ciency, and a
high-frequency, wave-front-error feature of the primary mirror (quilting
e↵ect, resulting in diagonal spikes) in the model.

out, there has been a need for two active refocussings to improve
the image quality further, once on 24 October 2014 (OBMT ⇠
1444) for the following field of view and once on 3 August 2015
(OBMT ⇠ 2575) for the preceding field of view. At the time
of writing (mid 2016), both telescopes are optimally focussed
within a few percent with slow degrading trends, most likely
caused by the slow build-up of contamination.

6.5. Bright-star handling

The onboard detection is e↵ective at the bright end down to mag-
nitude G ⇠ 3 mag: the detection e�ciency is ⇠94% at G = 3 mag
and drops rapidly for brighter stars to below 10% for G = 2 mag.
The 230 brightest stars in the sky (G < 3 mag, loosely referred
to as very bright stars) receive a special treatment to ensure
complete sky coverage at the bright end (Martín-Fleitas et al.
2014; Sahlmann et al. 2016). Using the Gaia observing sched-
ule tool (GOST2), their transit times and across-scan transit po-
sitions are predicted, based on propagated Hipparcos astrom-
etry and the operational scanning law, and SIF data are ac-
quired for these stars in the sky mapper (SM) and subsequently
downloaded. These data comprise raw, two-dimensional images
(2540 ⇥ 983 samples, each composed of 2 ⇥ 2 pixels, inte-
grated over 2.85 s), which are heavily saturated in the stellar
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core (Fig. 10). The reduction and analysis of these data are spe-
cial, o↵-line activities, which are not yet operational. The ulti-
mate scientific quality of these data will primarily depend on the
achievable quality of the calibration of the sky-mapper detectors
and point spread functions and, in particular, at large distances
from the stellar core far beyond the extension of regular SM win-
dows, which are needed to avoid saturation. Because centroiding
of these images in the uncalibrated detector frame can be carried
out to within 50 µas, it is expected that a single-measurement
precision of 100 µas will ultimately be achievable, which cor-
responds to end-of-life astrometry with standard errors of a few
dozen µas. A virtual object-based scheme to acquire full focal
plane transit data for the brightest 175 stars in the sky is cur-
rently in preparation.

6.6. Dense area handling

The astrometric crowding limit of Gaia is around 1 050 000 ob-
jects deg�2; BP/RP photometry is limited to 750 000 ob-
jects deg�2 and RVS spectroscopy to 35 000 objects deg�2 (see
Sect. 8.4 for more details). At such (and) high(er) densities, win-
dow overlap and truncation is common and, because the onboard
detection prioritises bright stars, faint-star completeness is im-
pacted. In order to deblend the data observed in crowded regions,
in particular for the BP/RP photometry and RVS spectroscopy, it
is mandatory to have knowledge about the positions and fluxes
of all (contaminating) sources in the field, down to a limit that is
a few magnitudes fainter than the survey limit. The source envi-
ronment analysis package (Sect. 7.2; Harrison 2011) provides
this information, combining the one-dimensional, along-scan
Gaia data for each source obtained under di↵erent orientation
angles into a two-dimensional image of its immediate surround-
ings. In order to support the deblending in extremely dense ar-
eas with high scientific importance, in particular Baade’s Win-
dow into the Galactic bulge and the ! Centauri globular cluster
(NGC 5139), special sky-mapper SIF data are acquired for these
areas (Fig. 11). These data facilitate reaching a fainter complete-
ness limit than the onboard detection limit, for instance 2 mag
deeper in the core of ! Cen. The reduction and analysis of these
(undersampled) data are special, o↵-line activities that are not
yet operational. The ultimate aim also is to derive astrometry
and photometry from the SIF data for faint stars not entering
the nominal data reduction of Gaia because of crowding. Also,
an extension of the dense area SIF scheme to cover the Sgr I
bulge window, the Large and Small Magellanic Clouds, and four
other globular clusters (M22 = NGC 6656, M4 = NGC 6121,
NGC 104 = 47 Tuc, and NGC 4372) was activated in mid-2016.

7. Data processing and analysis

In order to address the science cases described in Sect. 2, the
Gaia CCD-level measurements need to be processed, i.e. cal-
ibrated and transformed into astrophysically meaningful quan-
tities. This is being carried out under the remit of the Gaia
Data Processing and Analysis Consortium (DPAC). The DPAC
evolved out of the Gaia community working groups that were
formed after the selection of Gaia in 2000, and formally started
its activities in 2006. The DPAC subsequently responded to the
ESA announcement of opportunity for the Gaia data process-
ing, and was o�cially entrusted with this responsibility in 2007.
The DPAC currently consists of some 450 astronomers, software
engineers, and project management specialists, based in approx-
imately 25, mostly European countries. The remainder of this
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~24”x71”, 2.85 s exposure 
time

Number of bright star events per day. On average 10 images   are collected every day.

Conclusions
There is no bright limit for Gaia astrometric observations, however core 
saturation poses challenges both for naturally detected stars (G<6) and in the 
forced SkyMapper images. Virtual object synchronisation may mitigate some of 
those problems for the 50 stars brighter than G=1.75.  

Gaia DPAC: DPCE-CalTeam
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FIGURE 11: Composite VO windows obtained in March 2015 (these are AF1 windows).
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Ten windows with very bright star images that were collected using virtual object synchronisation.

These prediction capabilities were demonstrated in 
several tests reaching ~70% success rates (capture of 
the stellar core), see blue histogram. Using improved 
prediction models we aim at >90% success rate.  
Advantages: This method gives access to 
SkyMapper,  astrometric field, and spectro-
photometric data of extremely bright stars.
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4 Conclusions

We found correlations of the prediction error to the spacecraft spin angle and the CCD-row.
A likely more complex long term drift can be approximated linearly. No obvious systematic
effects with regard to AC-rate, precession angle and the sky position could be found.

4.1 Prediction Error

We investigate the distributions of residuals before and after our corrections in Fig. 6. The orig-
inal residuals show a significantly skewed and flattened distribution, explaining the discrepancy
between the prediction success expected in JSA-006 and the actual observation rate in JSA-006.

After applying both long and short term systematics corrections, the residuals scatter in a well-
behaved Gaussian distribution as displayed in. The widths of these distributions are given in
Table 5. Comparison them the 24 px width of a composite VO window, we can predict the
observation success chance to be 94% for FoV 1 and 93% for FoV 2.

FIGURE 6: Residual distibution for both FoVs uncorrected, after short term oscillation correc-
tion and after long term drift correction.

TABLE 5: Standard deviations according to the distributions of Fig. 6.
FoV 1 FoV 2

uncorrected 10.3 11.3

short term 6.72 7.17

long term 6.32 6.94

Technical Note ESAC 10

Prediction error


