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Abstract. Wide field surveys are contributing significantly to the advance of astronomy, from the structure of the Milky Way with
missions like Gaia to the large scale structure of the Universe with projects like SDSS. Some projects (Gaia, ASAS-SN, Pan-Starrs,
. . . ) also allow for the study of variable objects, which have an extraordinary astrophysical value. Indeed, one of the cornerstone
projects of the next decade is the Large Synoptic Survey Telescope (LSST), whose primary goal is the observation of variable stars. In
this framework, the Javalambre Auxiliary Survey telescope and its replica, T80-South, (telescopes with large Brazilian contribution)
are engaged in a unique survey for variable objects: J-VAR, a time domain survey using 7 filters (3 broad band and 4 narrow band)
allowing for the study of the variability of the whole spectral energy distribution. This talk aims at introducing J-VAR, its conception,
development, status and perspective.
Resumo. Levantamentos de campo amplo estão contribuindo significativamente para o avanço da astronomia, desde a estrutura
da Via Láctea com missões como Gaia até a estrutura em larga escala do Universo com projetos como o SDSS. Alguns projetos
(Gaia, ASAS-SN, Pan-Starrs, . . . ) também permitem o estudo de objetos variáveis, que possuem um valor astrofísico extraordinário.
De fato, um dos projetos fundamentais da próxima década é o Grande Telescópio de Pesquisa Sinóptica (LSST), cujo objetivo
principal é a observação de estrelas variáveis. Nessa estrutura, o telescópio Javalambre Auxiliary Survey e sua réplica, T80-South,
(telescópios com grande contribuição brasileira) estão envolvidos em uma pesquisa exclusiva para objetos variáveis: J-VAR, uma
pesquisa no domínio do tempo usando 7 filtros (três amplos banda e 4 bandas estreitas), permitindo o estudo da variabilidade de toda
a distribuição espectral de energia. Esta palestra visa apresentar o J-VAR, sua concepção, desenvolvimento, status e perspectiva.
Keywords. Techniques: photometric – surveys

1. Introduction
Wide field surveys have a critical role in astrophysics and the
last few decades have seen a large amount of surveys with various science goals and various technical characteristics, like the
2 microns All Sky Survey (2MASS; Skrutskie, et al. 2006) or
the Sloan Digital Sky Survey (SDSS; York, et al. 2000). These
projects have been contributing to basically all branches of astrophysics, from minor bodies of the Solar System to high red-shift
galaxies.
Large field of view telescopes are giving a great contribution
to time-domain astrophysics. The Optical Gravitational Lensing
Experiment (OGLE; Udalski 2003) has been running for more
than 25 years. The All-Sky Automated Survey for Supernovae"
(ASAS-SN; Jayasinghe, et al. 2018 ) and the Zwicky Transient
Facility (ZTF; Bellm, et al. 2019) are currently dominating the
field of transients discovery.
One of the main projects of the next decade is the Large
Synoptic Survey Telescope (LSST; Ivezić, et al. 2019), whose
main science case is the study of the variable sky in five differnt
bands.

telescope with a 5 sq.deg. field of view, at the Observatorio
Astrofísico de Javalambre.
The Javalambre Photometry of the Local Universe Survey
(J-PLUS; Cenarro, et al. 2019) was originally meant as the calibration survey for J-PAS. Covering the same footprint of the
former project in 12 filters (5 replicas of the SDSS filter system and 7 narrow band filters) which have been designed for the
characterisation of stellar spectra, it was soon realised that JPLUS has a great scientific potential in its own right. The papers
which have accompanied the first public data release of J-PLUS
are a testimony to this potential. This survey is carried out with
T80Cam, a single chip camera with a 2 sq.deg. field of view, installed on the Javalambre Auxiliary Survey Telescope (JAST),
an 80 cm telescope also located at OAJ.
Building on a replica of the telescope, camera and the filter system of J-PLUS, the Southern Photometry of the Local
Universe Survey (S-PLUS; Mendes de Oliveira et al. 2019)
is a survey of 10,500 sq.deg. of the Southern sky. The telescope (T80-South) is located at the Cerro Tololo Inter-american
Observatory (CTIO), Chile.

3. J-VAR
2. J-PAS and related surveys
The Javalambre Physics of the Accelerating Universe Survey (JPAS; Benitez, et al. 2014) is a survey originally meant for the
study of dark energy, covering 8,500 sq.deg. of the northern extragalactic sky in 59 filters (54 narrow band, 2 intermediate band
and 3 broad band). The survey, expected to start in mid-2020,
is performed with the Javalambre Panoramic Camera (JPCam),
installed at the Javalambre Survey Telescope (JST), a 2.5 m

J-PAS, J-PLUS and S-PLUS aim at providing a unique view of
the sky, taking advantage of their narrow-band filters. In order to
achieve their science goals, the photometric calibration is a critical step. This means that all these projects are mostly executed
in photometric time.
J-VAR has been conceived to take advantage of the nonphotometric weather at OAJ and CTIO, when JAST and T80South cannot carry out the observations of J-PLUS and S-PLUS,
respectively. This is the only programme currently being exe41
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Figure 1. Current J-VAR footprint.
cuted in exactly the same way in the two telescopes, hence providing a unique data set.
The core of the observations is an observing block (OB)
which is a three times repetition of the exposures:
filer
J0395
gSDSS
J0515
rSDSS
J0660
iSDSS
J0861

exposure time (s)
87
33
40
40
135
34
160

After each repetition, the telescope is dithered. An observing
block is repeated 11 times, whenever possible. The filters have
been chosen for being the most efficient of the system used for
J-PLUS and S-PLUS. The exception being the J0395 which has
been chosen to aim at the Ca H+K doublet, which is an indicator
of stellar activity.
The project has been awarded twice in OAJ Open Time:
as “regular program” in semester 2019A and more recently as
a “large program” (lasting four semesters) in 2019B. At T80South, the project has been approved for 2018 and 2019. A resubmission of the project, to continue the observations in the
Southern hemisphere is in progress.
Given the filler character of this proposal, the observations of
this kind started even before the formalisation of Open Time proposal at OAJ, whenever the atmospheric conditions were not fine
for any other planned observation in the queue. Overall, the number of completed pointings from OAJ is around 45 (i.e. 90 deg2 ),
while, for a misunderstanding only two epochs per pointing have
been obtained from CTIO (yet observing about 400 fields, corresponding to 800 sq.deg.). Given these circumstances, the light
curves shown below are all from OAJ.
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Figure 2. Typical J-VAR observation cadence. Time from t0
(left) and time between consecutive exposures (right). These distributions are the resulting averaged cadences of every filter and
field.
3.1. Cadence
Since the time cadence of each J-VAR field observations is
non-uniform, the averaged sampling (over all filters and fields)
has been estimated. All completed fields from OAJ have been
employed and the resulting cadences distribution are shown in
Fig 2. It is interesting that, although the cadence is random, there
is a clear lack of sampling in the 1 hour – 1 day time scale. Hence
the project, as it is, is unable to detect variables or transients in
this time-scale. Actions are being taken to mitigate this issue.
3.2. Fiducial depths
The observations are made under different atmospheric and
sky brightness conditions. Hence the fiducial depths (5 sigma
within 3 arcsec aperture) have been estimated using the catalogue with the median number of detected sources of each pointing as a reference. The calibrated magnitudes from J-PLUS DR1
are used to get the depth from the sources just above SNR=5
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Table 1. Fiducial J-VAR depths. Mean and dispersion come
from the depths estimated from individual catalogs of 11 completed fields fields. J-VAR values are compared with those of
J-PLUS DR1 (Cenarro, et al. 2019) from coadded images. All
values referred to S NR > 5 within a circular aperture of 3"
FILTER
gSDSS
rSDSS
iSDSS
J0395
J0515
J0660
J0861

hmJ-VAR i
lim
20.6
20.5
20.1
19.3
19.4
20.0
19.9

σJ-VAR
m
lim
0.4
0.3
0.3
0.8
0.4
0.4
0.2

mJ-PLUS DR1
lim
21.5
21.5
21.2
20.5
20.7
20.7
20.0

(1/FLUXRELERR_APER3=5) in the same J-VAR field. A sample
of 11 completed pointings were collected for this computation.
The mean and standard deviations of depths (individual images)
of those 11 fields are shown in Table 1. These depths, together
with the spectral information and the area covered, make this
project unique. Since only a small part of the observed S-PLUS
footprint is photometrically calibrated, we cannot currently perform this analysis for the observations from CTIO.

assigned to every detected source of J-VAR, both global and depending on the J-VAR band.
By construction, J-VAR is tightly anchored to J-PLUS and
S-PLUS. Clearly, there is a mutual benefit between J-VAR and
the other two projects. Most of the sources that J-VAR observes
have already been detected and characterised by J-PLUS or SPLUS. Information such as the calibrated magnitudes in the JVAR bands, the whole SED of the sources, their morphological classification (compact/extended/stellar), and in the most
favourable cases, effective temperatures of the stars or even the
already computed photo-z for extra-galactic objects are available and ready to use for J-VAR. In turn, J-VAR will provide
as a direct product, variability indexes (see e.g. Sokolovsky, et
al. (2017)) of most of the objects detected as a function of the
J-VAR filters, adding value to the already outstanding J-PLUS
catalogues.

4. J-VAR at IAG/USP: WOTSAP
At the Astronomy Department of the Institute of Astronomy,
Geophysics and Atmospheric Sicences of the University of São
Paulo, we have formed a group (currently mostly formed)of
undergraduate students), named “Wide-field Optical Transient
Studied by Amazing People” (WOTSAP), whose primary goal
is to exploit the data of J-VAR. In particular, the work is divided
in three main areas:

3.3. Analysis
J-VAR is a very transverse project, as it offers the opportunity
to study variability of many astrophysical phenomena (eruptive
stars, binary stars, pulsating stars, CVs, SNe, minor bodies of the
Solar System, QSOs, AGNs, . . . ). The way the data have to be
analysed also depends on the type of object one is interested in.
We can distinguish three ways of facing the data covering most
of these science cases:
i) Catalogue-based analysis of non-moving (or quasi-static)
objects. Generally applies to variable stars or binary systems
of most kinds.
ii) Catalogue-based analysis of moving objects. Clearly this
is the case of minor bodies of the Solar System.
iii) Differential imaging. This is the case of the detection of
transient phenomena (SNe, novae, etc.) although it has been
successfully applied to generic variables.
The local database created from J-VAR observations has
been used to build the light curves (LCs) of the detected objects.
Each LC is constructed by comparing the instrumental magnitude of the object of interest with an average of the instrumental magnitudes of an ensemble of objects nearby the object of
interest. A further filtering is performed among those comparison objects to get those with similar calibrated magnitudes and
g − r colours (J-PLUS DR1 calibrated magnitudes are employed
for that purpose) in order to avoid differential extinction trends.
With that, the differential photometry is obtained for the object
of interest. For known variables with known periods we plot the
period-folded LC. See some examples in the Figs.3,4 and 5. It
is worth remembering that these observations were made under
different sky conditions (seeing, cloud coverage, lunar illumination,. . . ).
The errors in the measurements are particularly critical for
evaluating whether an object is a variable or a non-variable
source. In this regard, during the process of obtaining the light
curves, the uncertainties of the ensemble comparison objects is
estimated using a bootstrapping technique. Those errors will permit the computation of different variability indices that can be

– Multi-colour light curve plotting and analysis:
– generate light curves in multiple filters automatically
– identify criteria for variability based on the different filters
– identify a way to plot the light curves of the different
filters
– Data mining:
– testing an alternative calibration for J-PAS and J-PLUS
– testing unsupervised data-mining algorithms for classification of stars in J-PLUS and S-PLUS
– testing machine learning algorithms to identify variable
sources in J-VAR
– Follow-up
– follow-up of the most interesting targets, with particular emphasis on spectroscopic follow-up. At the time of
writing these proceedings, we have just been granted the
first series of observations.
Not only J-VAR, J-PLUS and S-PLUS benefit from the establishment of the WOTSAP group but it is a unique opportunity
to form a group of young astronomers who, in the future, will be
able to engage in the challenges offered by LSST.

5. Summery and Perspectives
J-VAR, being carried out with JAST and T80-South at OAJ and
CTIO, respectively, is an unparalleled variability survey which
has been designed to obtain not only light curves but to trace the
SED variability of sources taking advantage of the unique filter
set of the J-PLUS and S-PLUS surveys.
Figs.3,4 and 5 show the potential of studying the variability
of the whole SED over the mere study of a few bands.
The main task for the immediate future is to automatise the
generation of light curves and find one or more ways to exploit
this unique data-set. We also need to include, in this automatising effort, differential imaging and Solar System objects detection algorithm (e.g., Mahlke, et al. 2019). Both techniques have
already been tested and provided promising results.
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Figure 3. Sample RR Lyrae stars. Fundamental mode, RRab subtype (top) and first overtone pulsators, RRc subtype (bottom).Two
different magnitude ranges are shown. Notice the dependence of the amplitude with the wavelength.

Figure 4. Phase-folded light curve of a β Persei-type (Algoltype) eclipsing binary (EA according to the GCVS nomenclature) where the secondary eclipse is not observed (this is not
rare in these eclipsing systems if the faintest companion is much
dimmer in comparison).
We are confident that the programme will be renewed at T80South. This will help us fixing some of the flaws that we have
identified during the first two years of execution, like the lack of
observations in the 1 hour to 1 day time-scale.
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Figure 5. An example of the light curve (sequence of observed
photometry along x-axis in this case) of an observed QSO. It
shows non-periodic flux variations of different kinds (see e.g.
Graham, et al. (2017)). J-PLUS and S-PLUS can be particularly
powerful detecting QSOs and J-VAR will provide variability information about them.
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