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Abstract. The Vista Variables in the Vı́a Láctea survey (VVV) is a near-IR ESO public
survey devoted to study the Galactic bulge and southern inner disk covering 560 deg2 on the
sky. This multi-epoch and multi-wavelength survey has helped to discover the first brown
dwarfs towards the Galactic center, one of the most crowded areas in the sky, and several
low mass companions to known nearby stars. The multi-epoch information has allowed us
to calculate precise parallaxes, and put some constraints on the long-term variability of these
objects. We expect to discover over a hundred more brown dwarfs.
The VVV survey makes a great synergy with the Gaia mission, as both will observe for a
few years the same fields at different wavelengths, and as VVV is more sensitive to very red
objects such as brown dwarfs, VVV might provide unique candidates to follow up eventual
astrometric microlensing events thank to the exquisite astrometric precision of the Gaia
mission.
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1. Introduction

Brown dwarfs (BD) are sub-stellar ob-
jects with very low surface temperatures
(300<T<2200K, age dependent) that are un-
able to sustain hydrogen fusion in their interi-
ors. Low temperatures allow molecules to play
an important role in shaping the atmosphere
spectrum of these objects, making colors at dif-
ferent wavelengths very distinctive. Most of
previous successful searches in the field were
based on optical to mid IR color selections ap-

plied to large area surveys revealing over two
thousands of these objects (e.g. Kirkpatrick et
al. 2011). An alternative is lo search young
young BD in stellar associations, such as the
DANCe project (Bouy et al. 2013, 2014, this
volume) As BDs are very cold and hence
faint, most of the currently discovered BDs are
located relatively nearby. An alternative and
widespread way to discover these faint objects
is searching for high proper motion sources.
Up to date several groups have worked in this
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with successful results (Phan-Bao et al. 2008;
Artigau et al. 2010; Lucas et al. 2010; Luhman
2013; Luhman 2014c; Smith et al. 2014) and
the most recently catalogs of high proper mo-
tion objects based on WISE multiepoch data
(Luhman 2014a; Luhman & Sheppard 2014;
Kirkpatrick et al. 2014). These efforts have un-
veiled the third and forth closest systems and
the coldest brown dwarf discovered to date, in
addition to several other interesting ultra cool
dwarfs.

The Vista Variables in the Vı́a Láctea sur-
vey (VVV) is a near-IR multiepoch ESO pub-
lic survey covering 560 sq. degrees on the
sky towards the Galactic bulge and south-
ern disk. (Minniti et al. 2010; Hempel et al.
2014) Although the main goal is to search for
variable stars and study the 3-D structure of
the Milky Way, it suits the requirements to
measure proper motions and particularly the
high spatial resolution allow us to spot and
characterize new high proper motion sources.
Here we describe the methods, first results and
perspectives of VVV survey search for high
proper motions sources and brown dwarfs and
the connection with the observations carried
out with the Gaia mission.

2. VVV observations

The VVV survey is being carried out with
VIRCAM at the VISTA telescope (Emerson et
al. 2006; Dalton et al. 2006) at cerro Paranal
observatory. This instrument is made up of 16
detectors of 2048x2048 pixels, with a resolu-
tion of 0.34′′/pix. Each pointing, covering 0.6
deg2, is called a ‘pawprint’, and six overlap-
ping pawprints are used to build one final im-
age (Tile) covering twice an area of 1.5 deg2.
The image reduction, astrometric and photo-
metric calibration and source catalog produc-
tion are done by the Cambridge Astronomy
Survey Unit1 (CASU; Irwin et al. 2004) The
total sky area observed by VVV survey is 560
deg2, and can be seen in Figure 1. The obser-
vations started at the end of 2009 and will fin-
ish after 2016. The whole area has been ob-

1 http://casu.ast.cam.ac.uk/
surveys-projects/vista

served in the ZY JHKS bands and multiepoch
observation in the KS band have been obtained
for every field with different cadence along the
time. By the end of the survey the bulge area
should be observed around 100 times and the
disk region slightly less times. These observa-
tions are well suited to calculate proper mo-
tion and derive parallaxes for nearby sources.
We expect to calculate parallaxes for T0 type
BDs up to 25-30 pc, for brighter sources such
as early L or late M dwarfs we expect to reach
twice as far in the less crowded fields.

3. Methods and current results

We started two searches of high proper motion
sources (HPMs). The first one was based on
visual inspection of false color images using
different KS epochs to: look for bright (prob-
ably saturated)2 sources that might been hid-
den before due to chance alignment in previ-
ous searches. We also search around previously
known HPM stars to look for co-moving com-
panions. We first found a new ’unusually blue’
brown dwarf at 17.5 ± 1.1 pc based on trigono-
metric parallax (Beamı́n et al. 2013). We also
found 7 new companions to HPM stars and ob-
tain their spectral types. These new findings
around HPM stars mean a 4% incompleteness
in the census of HPM sources (Ivanov et al.
2013).

The second search was done using the cat-
alogs alone. We cross matched four VVV KS
epochs as evenly spaced in time as possible,
then search for any object with motion larger
than 0.07′′/yr, we used four epochs to clean
some spurious detections. We restricted our
search to objects brighter than KS =13.5 (more
details in Gromadzki et al. 2013). Around 1500
HPM sources have been found and a final cata-
log describing these sources is being prepared
(Kurtev et al. in prep.)

Also VVV data allow us to keep track of
the long term photometric variability and the
possibility to detect BD companions and plan-
ets around M dwarfs and BD, this is a path we

2 If the source is saturated the object might not be
detected or might produce multiple detections or the
accuracy of the centroid is compromised

http://casu.ast.cam.ac.uk/surveys-projects/vista
http://casu.ast.cam.ac.uk/surveys-projects/vista


Beamin et al.: VVV proper motion 763

10  0 350 340 330 320 310 300
Galactic Longitude [deg]

-10

-8

-6

-4

-2

+0 

+2

+4

G
al

ac
tic

 L
at

itu
de

 [d
eg

]

     201     202     203     204     205     206     207     208     209     210     211     212     213     214

     215     216     217     218     219     220     221     222     223     224     225     226     227     228

     229     230     231     232     233     234     235     236     237     238     239     240     241     242

     243     244     245     246     247     248     249     250     251     252     253     254     255     256

     257     258     259     260     261     262     263     264     265     266     267     268     269     270

     271     272     273     274     275     276     277     278     279     280     281     282     283     284

     285     286     287     288     289     290     291     292     293     294     295     296     297     298

     299     300     301     302     303     304     305     306     307     308     309     310     311     312

     313     314     315     316     317     318     319     320     321     322     323     324     325     326

     327     328     329     330     331     332     333     334     335     336     337     338     339     340

     341     342     343     344     345     346     347     348     349     350     351     352     353     354

     355     356     357     358     359     360     361     362     363     364     365     366     367     368

     369     370     371     372     373     374     375     376     377     378     379     380     381     382

     383     384     385     386     387     388     389     390     391     392     393     394     395     396

       1       2       3       4       5       6       7       8       9      10      11      12      13      14      15      16      17      18      19      20      21      22      23      24      25      26      27      28      29      30      31      32      33      34      35      36      37      38

      39      40      41      42      43      44      45      46      47      48      49      50      51      52      53      54      55      56      57      58      59      60      61      62      63      64      65      66      67      68      69      70      71      72      73      74      75      76

      77      78      79      80      81      82      83      84      85      86      87      88      89      90      91      92      93      94      95      96      97      98      99     100     101     102     103     104     105     106     107     108     109     110     111     112     113     114

     115     116     117     118     119     120     121     122     123     124     125     126     127     128     129     130     131     132     133     134     135     136     137     138     139     140     141     142     143     144     145     146     147     148     149     150     151     152

Fig. 1. VVV Survey area and tile numbering. The tile names start with “b” for bulge and “d” for disk tiles,
followed by the numbering as shown in the figure. (Credit: Saito et al. (2012) A&A 537, A107, reproduced
with permission c©ESO.)

are now also exploring (Rojas-Ayala et al. sub-
mitted)

The final precision of the parallax measure-
ments obtained with VVV data after the six
years of observations, will be in the mili(sub-
mili) arcsec regime, comparable to the results
of other ground based astrometric measure-
ments (Faherty et al. 2012; Marocco et al.
2013; Manjavacas et al. 2013; Smart et al.
2013, among others).

4. VVV and Gaia synergy

The VVV deeper near IR images and the new
HPM objects found towards very crowded re-
gions provide an excellent opportunity to find
targets for astrometric microlensing that could
be followed up with Gaia. In some cases the su-
perb astrometric precision of the Gaia mission
will provide accurate independent estimates of
the masses and probe the existence of compan-
ions, planets or moons around these new ob-
jects and/or also presence of discs (Dominik
& Sahu 2000; Di Stefano et al. 2013; Sahu
et al. 2014). The VVV also provide a unique
complement to Gaia in the most crowded re-
gions of the sky, as the number of sources that
Gaia mission can analyze in those regions is
limited by crowding. Gaia will reach ∼18-19
mag (Gaia optical magnitudes) near the galac-
tic disk and bulge, VVV has reached KS 17-
18.5 depending on the crowding level. Taking
into account the intrinsic red colours of very

low mass stars and BDs and VVV will ob-
serve deeper and would complete most of other
searches for proper motions and BD carried out
by now. there is also a huge synergy in other
fields of astrophysics such as galactic structure
and bulge studies where VVV can go deeper
and through most of the dust that would not
allow Gaia to prove inner regions of the Milky
Way. Gaia will provide a deeper absolute astro-
metric reference frame with an exquisite preci-
sion for the proper motions studies carried out
with the VVV observations.

Fig. 2. Parallax of VVV BD001, the distance was
measured based on relative astrometry with a preci-
sion of a few mas (π=0.057± 0.004 ′′), as more data
become available, increasing the time baseline and
number of observations, the astrometric precision
will improve to become close to 1 mas. Explained
in Beamı́n et al. (2013)
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2013, ApJ, 771, 79
Dominik, M., & Sahu, K. C. 2000, ApJ, 534,

213
Emerson, J., McPherson, A., & Sutherland, W.

2006, The Messenger, 126, 41

Faherty, J. K., Burgasser, A. J., Walter, F. M.,
et al. 2012, ApJ, 752, 56

Gromadzki, M., Kurtev, R., Folkes, S., et al.
2013, MmSAI, 84, 980

Hempel, M., Minniti, D., Dékány, I., et al.
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