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Abstract. We present the Transit Monitoring in the South (TraMoS) project. TraMoS has monitored transits
of 30 exoplanets with telescopes located in Chile since 2008, whit the following goals: (1) to refine the
physical and/or orbital parameters of those exoplanet system, and (2) to search for variations in the midtimes of the transits and in other parameters such as orbital inclination or transit’s depth, that could indicate
the presence of additional bodies in the system. We highlight here the first results of TraMoS in three
selected exoplanets.

1. INTRODUCTION
Almost 300 objects have been confirmed as transiting planets to date1 which more than 30% can be
observed from southern facilities. This number is rapidly growing due to the several dedicated surveys
to detect transiting exoplanets from ground-based telescopes located, in particular, in the Southern
hemisphere (e.g. SuperWASP-South and HATSouth Network among others).
In the last years, the Transit Timing Variations (TTVs) technique [1–3] has been used to
detect/confirm companions in the transiting system using the central time of the transits to measure
the deviations from a constant orbital period [4–7]. In addition to the deviations in the mid-times
of the transits, the gravitational interactions between these exoplanets can also induce changes in the
inclination of the orbit and/or the measure of the ratio between the transiting exoplanet and star radii.
All of these parameters can be extracted directly from the light curves during the transit [8].
The monitoring of exoplanetary transits through several epochs allows to determine with high
accuracy the values of these parameters and to detect, if exist, variations induced by additional bodies
in the system.
Since 2008, we started an observational campaign to monitor (in a short- and long term) the
transits of known exoplanets from Southern facilities. In Section 2, we give a general description of
the TraMoS project and in Section 3 we present a summary of the first published/submitted results.
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Figure 1. Statistics of the TraMoS project. The red solid line shows the number of transits observed per year by
TraMoS. The black dashed line represents the average of observed transits per planet per year. The white, gray and
black bars represents the accumulative number of planets with 1, between 2 and 4, and with more than 5 transits
observations by TraMoS since 2008.

2. TRAMOS PROJECT
Since 2008, in the framework of the Transit Monitoring in the South project, we started to observe
transits of already announced exoplanets using telescopes located in Chile. We use high cadence
observations (30 to 50 seconds) in order to determine the central times of each transit with enough
precision to detect departures from a constant keplerian orbit. Variations in other transit parameters
can also be detected and the accumulative light curves will also refine the physical parameters of the
transiting system. We use the new light curves presented by TraMoS in addition with the data available
in the literature to perform an homogeneous analysis of them. Usually the light curves have different
sources. Nowadays is not difficult to find a large number of light curves reported by several authors and
therefore to perform an homogeneous analysis of the data, i.e., estimations of the correlated and noncorrelated noise (red or white noise), detrending, homogeneous assessment of uncertainties are critical
in order to search for short and/or long term variations in the light curve parameters. In the same way,
the use of all the available data for each system allows to obtain very precise values of global parameters
for the system, such as the planet and star radius, the orbital inclination, ephemeris equation, etc.
2.1 Observations
For the monitoring of the transits we have used different diameter size telescopes ranging from 0.6-m to
8-m class telescopes. For relative bright targets (most of them WASP exoplanets) we have obtained data
from the 0.6-m Southeastern Association for Research in Astronomy telescope (SARA-South) and the
1-m SMART telescope, both located in Cerro Tololo Inter-American Observatory (CTIO). We have also
observations from the 4.1-m Southern Astrophysical Research (SOAR) at Cerro Pachón Observatory.
For faint targets observations (mainly OGLE exoplanets) we take advantage of the large aperture of
the Very Large Telescope (VLT) of the European Southern Observatory (ESO) and the Gemini-South
Telescope at Cerro Pachón Observatory.
To date, almost 90 transits of 30 exoplanets have been observed by TraMoS. In Fig. 1 we show a
summary of the statistics (non-updated) of the TraMoS project. The red solid line corresponds to the
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Figure 2. Percentage of transit observations from each telescope used by TraMoS.

number of transits observed each year since 2008. On average (represented by the dashed line), we have
observed more than 3 transits per planet in our list. In Fig. 1 we also show the accumulative number of
planets with only one transit observed (white bars), between two and four (gray bars) transits and with
5 or more (black bars) transit observations. In Fig. 2 we show the fraction of use of each telescope for
our program.
3. FIRST RESULTS
We summarize the first results of the TraMoS project based on the monitoring of three exoplanets:
OGLE-TR-111b, WASP-5b and WASP-4b. With the TraMoS data we extended or complemented the
time spam of the transit observations already reported for these systems. By this way we performed
homogeneous analysis of all available data for each exoplanet.
3.1 OGLE-TR-111b
We observed five transits of OGLE-TR-111b using FORS1 and FORS2 at the ESO Very Large
Telescope. Based on the transit mid-times of the new light curves we presented and together with
the timing from the re-analysis of eleven previously published transits we confirmed that there is no
significant evidence of TTVs since we found no variations larger than 1.5 minutes [9]. We derived upper
limits in the mass of hypothetical companions of 1.3, 0.4 and 0.5 M⊕ at the 3:2, 1:2, and 2:1 orbital
resonances, respectively. These values are more strict than the limits imposed by the radial velocities
technique.
3.2 WASP-5b
We reported nine new transit epochs of the Hot Jupiter WASP-5b [10]. These transits were observed in
the I-band using the 1-m SMART telescope at CTIO and the 4.1-m SOAR telescope at Cerro Pachón
Observatory. We combined the TraMoS light curves with eleven transits available in the literature to
perform an homogeneous modelling and analysis of this system. For this exoplanet we found no TTVs
rms variations larger than 60 seconds over 3 year time span (Fig. 3). We reject TTVs for this exoplanet
since a constant orbital period can fully reproduce the obtained transit midtimes. Based on dynamical
simulations of the WASP-5 system and the results of the timing analysis we discarded the presence of
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Figure 3. The Observed minus Calculated diagram of the transit midtimes of WASP-5b. Solid and open symbols
correspond to the epochs reported by TraMoS [10] and by other authors, respectively. After an updated of the
ephemeris equation the rms of the timing residuals is ∼ 1 minute and all the transits do not deviate from a constant
orbital period by more than 1-2 (represented by the dashed lines).

Figure 4. Star spot occultations are identified as bumps in the light curves during the transits of WASP-5b (figure
from Hoyer et al. 2013). Solid lines correspond to the gaussian function fitted to the bumps. Gray regions are
proportional to the errors in the timing of the occultation. The epoch and author of the light curve are indicated in
the bottom left of each panel. See [11] (submitted) for details.
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additional planets with masses larger than 5, 1 and 2 M⊕ around the 1:2, 5:3 and 2:1 orbital resonances
with the transiting planet, respectively.
3.3 WASP-4b
We presented twelve epochs of the WASP-4b exoplanet [11, Submitted]. By performing an
homogeneous analysis of the new light curves with the data available in the literature (twenty-six
transits) we obtained individual values for the central time of the transits, the ratio of the planet and
star radii and the orbital inclination for each transit. We found no evidence of the presence of more
bodies in the system. We determined the most precise ephemeris equation at this time for this exoplanet.
We also use the combination of the thirty-eight light curves to obtain very precise values of WASP-5b’s
physical parameters. During the transits we detected anomalies in the light curves that we identified as
star spots occultations by the planet (Fig. 4). Based on the timing of these occultations we estimated
the star rotational period is about 34 days, but additional observations of more consecutive epochs will
allow to give better constraints.
4. SUMMARY
We presented the Transit Monitoring in the South (TraMoS) project which started in 2008 to observe
transits of known exoplanets. To date almost 90 transits of 29 exoplanets have been observed. We
highlighted in this contribution the first results of TraMoS. New data of this project are under analysis
and will be presented soon. The monitoring of the transits have proven to be critical in order to
determine physical parameters of the exoplanets and its host stars. Also, via timing analysis, this type of
project provide strong constraints in the architecture of transiting systems. Results of Hot Jupiter transit
monitoring have contributed to confirm the lack of low mass companions for this type of planet.
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