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Vista Variables in the Via Láctea (VVV) is 

an ESO near-IR variability public survey 
scanning the Milky Way bulge and an 

adjacent section of the mid-plane. VVV 
observations started in October 2009 with 

Science Verification.  Regular 
observations for the Period P85 have 

been conduced since February and it will 
cover a total area of 520 deg

2
 in five 

passbands and five epochs. Here we 
address the first results obtained from the 
VVV Survey as well as the current status 

of the observations. 
 

 
 
 
 
 
 
 
 
VISTA Variables in the Via Láctea (VVV) is one of the 

six ESO Public Surveys selected to operate with the new 4-
meters Visible and Infrared Survey Telescope for Astronomy 
(VISTA). VVV is scanning the Milky Way bulge and an 
adjacent section of the mid-plane where star formation activity 
is high. The survey will take 1929 hours of observations during 
five years (2010–2014), covering ~10

9
 point sources across 

an area of 520 deg
2
, including 33 known globular clusters and 

~350 open clusters. The final product will be a deep near-IR 
atlas in five passbands (Z, Y, J, H and Ks) and a catalogue of 
more than 10

6
 variable point sources (Minniti et al. 2010). 

Detailed information about the VVV survey can be found at 
http://vvvsurvey.org/ 
 
 
Science Verification  
 

VVV Science Verification (SV) data were obtained 
during October 19-30, 2009, following the same strategy as 
the later VVV survey. The observations consisted in multi-
color imaging (Z, Y, J, H and Ks bands) for a field at Galactic 
coordinates L=2.2, B=-3.1. It is one of the most crowded fields 
in the Galactic bulge allowing us to test whether there are too 
many saturated stars, using the same exposure times as in 
the regular observations, it also contains numerous variable 
stars, allowing us test their detectability. Along the SV area, we 
took 3 extra tiles in the bulge, observed in the Ks-band since 
this is where the sky subtraction is most crucial and most 
difficult.  

Regular Observations 
 

Regular VVV observations started in February 2010 
(corresponding to the ESO period P85) and will cover the total 
survey area in Z, Y, J, H and Ks passband, additional              
5 Ks-band exposures will also be taken. This will provide 
reliable near simultaneous fluxes and colours. Table 1 shows 
the number of Observational Blocks (OBs) scheduled to be 
observed during the first period as well as the current status of 
the observations. OBs can contain multiple observations either 
in colour or epoch.  
 

Bulge Planned Executed % 

Color ZY 196 3 2 

Color JHKs 196 139 71 

Variability 1004 57 6 
Disk    

Color ZY 152 83 54 

Color JHKs 152 152 100 

Variability 760 317 42 
TOTAL 2460 751 31 

Table 1. Overview of our observations for the first period (ESO 
period P85). Updated on June 30.    

 
The pipeline processing and calibration for the VVV 

data have been performed by the Cambridge Astronomy 
Survey Unit (CASU) and the Wide Field Astronomy Unit’s 
(WFAU) VISTA Science Archive (VSA) in Edinburgh. The 
Science Archive is responsible for (i) image stacking to 

Fig. 1. Illustration showing our Galaxy and the area being observed by the VVV Survey. 
(based on Fig. 16 of Churchwell et al. 2009) 



produce stacked and differenced tiles, and source merging,  
(ii) quality control, and (iii) identification of variables sources. 
Direct point source photometry will also be performed for the 
first year data in all filters to be used as reference. Our project 
take advantage both into the VDFS team experience handling 
the WFCAM/UKIRT and VISTA data, and the experience of 
the VVV team members who are leading participants in other 
surveys such as OGLE and in the routine data processing and 
delivery to ESO.  

 
Fig. 2 (upper panels) shows a cutting of a VVV image 

for the globular cluster Palomar 6 in comparison with 2MASS 
(Skrutskie et al. 2006). The images were obtained combining 
Z, H and Ks observations. Even though the survey is not 
designed to detect or map emission line objects, it turns out 
that planetary nebulae (PN) are also prominent in the VVV 
images. As an example, the lower panels of Fig. 2 show the 
color image of the bulge PN NGC 6629, located in field 
centered at L=9.8, B=-5.3. The color is typical of most PN, due 
to the intense emission lines present in our filters, specially: 
SII 9069 in the Z-band, Paschen Beta in the J-band, and 
Bracket Gamma in the Ks-band. There would be a few 
hundred PN identified in our fields in the inner disk and bulge. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Upper panels: Comparison between VVV (left) and 
2MASS (right) images for the cluster Palomar 6. Lower 
panels: VVV image for the planetary nebulae NGC 6629 in 
comparison with 2MASS. 
 
 
Color-Magnitude Diagrams  
 

The left panel of Fig. 3 shows a Color-Magnitude 
Diagram (CMD) for the SV field in the bulge located at L=2.2, 
B=-3.1, in one of the most crowded regions of our galaxy. In 
spite of the high stellar density and large number of giants, 
accurate photometry is possible over most of the field. This 
figure shows the dominant bulge red giant branch along with 
the main-sequence of the foreground disk, and it is evident 
that the VVV photometry is about 4 magnitudes deeper than 
2MASS in this field, almost reaching the bulge main sequence 
turn-off. About a million stars are measured in total in this     

1.5 deg
2
 field. CMDs like this one can be used to study the 

stellar populations across the MW bulge, as well as the 3-D 
structure of the inner MW.  

 
The right panel of Fig. 3 illustrates the CMD of the 

first Galactic plane field observed located at L=295.4, B=-1.7, 
at the outskirts of Carina, with large and very inhomogeneous 
extinction. The disk main-sequence dominates, and numerous 
reddened giants are also seen. We stress that the 2MASS 
database is very complementary, not only provides an external 
calibration, but it also gives photometry for the brighter 
sources (Ks<10), which saturate even in the short (4 sec) VVV 
exposures. The depth of this VVV CMD is such that we can 
see all the way through the MW plane; and in fact, very often 
shows numerous background galaxies. There are about half a 
million stars measured in this 1.5 deg

2
 field. 

 
Taking into account that the VVV survey covers over 

520 deg
2
 in total, we would provide photometry for 5x10

8
 

sources for the bulge and disk of our Galaxy. CMDs of the MW 
plane like these can also be used to study the 3-D structure of 
the MW plane, as well as the spiral arms, the edge of the disk 
and the outer warp. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Color-Magnitude Diagrams comparing VVV data 
(black) and 2MASS (red) for two extreme examples. The left 
panel shows one of the most crowded bulge fields (SV field) 
while the right panel shows one of the disk fields with most 
heavy and inhomogeneous extinction (see text). 
 
 
First VVV RR Lyrae Light-curve 

 
The detection of variable stars and the monitoring of 

their variability is the main goal of the VVV survey. In Fig. 7 we 
present the first light-curve for a RR Lyrae star obtained from 
the VVV SV data. The object corresponds to OGLE 189770, a 
RR Lyrae sub-type RRab with a period P=0.72949 days and 
an amplitude AI=0.33 mag (Collinge et al. 2006). In Ks the 
minimum magnitude is Ks~14.2 with an amplitude AKs~0.20 
mag, smaller than the observed in I-band. 
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Fig. 4. First VVV light curve of a bulge RR Lyrae obtained 
from the SV data. This RR Lyrae was identified from the 
OGLE sample, and has period P=0.72949 days (Collinge et al. 
2006). 
 
 
First Moving Object 
 

The VVV Survey will allow the detection of Solar 
System objects down to about Ks=18. We are searching for 
Trans-Neptunian Objects (TNOs), Jupiter Trojan Asteroids 
(L5Js), Neptune Trojan Asteroids (N5Js), Main-Belt Asteroids 
(MBAs), and Near-Earth Objects (NEOs). Satellite tracks are 
also common and readily identified, even in the short VVV 
exposures. 
 

As an example, Fig. 5 shows the MBA 199 Byblis, the 
first moving object detected by the VVV Survey while making 
the color tiles. The sequence of observations in this case 
taken on 23 Oct 2009 was first the H-band filter (green), 3 min 
later the Ks-band filter (red), and finally 13 min later the Z-
band filter (blue). The object was also recovered in Ks-band 
images acquired on 22 Oct 2009 and 24 Oct 2009. 199 Byblis 
shows a magnitude of Ks=12.12 and a motion of about 0.22 
arcmin/day. The excellent VISTA image quality (typically 
FWHM < 1 arcsec) and scale (about 0.34 arcsec/pixel), would 
also allow us to identify high-proper motion stars with the 
survey baseline of 4-5 years for faint objects, and with a 
baseline with 2MASS of more than 10 years for bright objects. 
As a complementary project, we will also search for 
background QSOs in some selected fields, in order to provide 
an extragalactic frame for accurate astrometry. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. MBA 199 Byblis, first moving object detected by the 
VVV Survey. This is the central object in seen from left to right 
in filters Z (blue), Ks (red), and H (green). Bright saturated 
stars have Ks<10, and show a black dot in the center. 

 Searching for New Clusters 
 

One of the main goals of the VVV is to search for 
new star clusters of different ages.  In order to trace the early 
stages of star clusters formation we carrying out a survey of 
infrared star clusters and stellar groups in the directions of 
known massive star formation regions associated with 
methanol maser emission and hot molecular cores. Using 
Longmore et al. (2009) list of star forming regions so far we 
have already identified by visual inspection 25 small star 
cluster candidates.  Almost all of them seem to be indeed very 
young, because most of the mass is still concentrated in the 
gas. A typical example of newly identified cluster candidate is 
shown in Fig. 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Cluster candidate detected by the VVV. This cluster is 
located in a disk field. The faintest stars in this picture have   
Ks~17. 
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