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Introduction

Background: Though well over 100 extrasolar planets are known today, the vast majority orbit field stars with poorly
determined ages. In particular, this is true of all 8 known transiting exoplanets, which are the only cases for which radii and (in
the cases of HD209458b and TrES1b, whose secondary eclipses have been detected, Deming et al. 2005, Charbonneau et al.
2005), surface effective temperatures are known.

Abstract

We have undertaken since 2004 a photometric monitoring survey of a dozen star forming regions and open clusters aged
between 1 and 200 Myr using wide-field optical cameras on 2 to 4m telescopes worldwide. The primary goal of the project is
to search for close-in planets (and brown dwarfs) at young ages through the detection of transit events. Such detections
would provide unprecedented constraints on planet formation and migration time-scales, as well as on evolutionary models
of planets and brown dwarfs in an age range where such constraints are very scarce. Additional science goals include rotation
period measurements and the analysis of other forms of variability such as flares and accretion-related variations. In this
poster, we summarise the motivation behind and the design of the survey, and sketch out the predicted impact of the
program once completed. Details of the data processing and photometric precision achieved are given, and we present
preliminary results from observations to date and plans for follow-up observations.

The detection of a transiting exoplanet orbiting a star of known age would thus constitute the first firm anchoring point for
evolutionary models of extrasolar planets. Over the last few years, several transit surveys (e.g. Explore OC, von Braun et al.
2004) have been targeting open clusters, whose members have relatively well known ages. However, all have concentrated
on ‘middle aged' clusters (several hundred Myr and older), and no confirmed discoveries have been reported to date.

Young transiting exoplanets: The Monitor project is targeting nearby star forming regions and open clusters in the so far
uncharted 1 to 200 Myr age range, with the aims of detecting the first young transiting exoplanet(s) and of providing
unprecedented observational constraints over the early evolution of these objects. In our youngest targets (<10 Myr), a
detection would take added significance, as it would have implications for the disk evolution, planetesimal formation and
migration timescales that are of fundamental importance for our understanding of how planets form.

More details are available on the Monitor webpage: http://www.ast.cam.ac.uk/~suz/monitor/monitor.php

Survey design

Target selection: About 10 target clusters were selected on the basis of youth, richness, proximity and compactness, as well as
the existence of a known low-mass PMS5 population. We have observed or are scheduled to observe 8 of those by the end of
2005B (see Table 1 below right), and will apply to survey the remainder over the next few semesters.

Ultra low mass eclipsing binaries: \We are also interested in searching for very low mass eclipsing binaries, with at least one
sub stellar or very low mass star component. Evolutionary models in this age and mass range are notoriously uncertain, as has
been illustrated by the controversy over recent detections of ultra-low mass visual binaries in young associations (Close et al.
2005).While brown dwarfs in high mass ratio or wide binaries are known to be rare from radial velocity and high resolution
imaging surveys, our program is ideally suited to detect them in the near-equal mass, small separation area of parameter
space, which has not been surveyed thoroughly.

Observing strategy: We use one 2m class and one 4m class telescope in each hemisphere, each equipped with wide-field
optical imagers. Depending on the availability of service mode observing on the telescopes in question, we have opted for
either a standard 'blocks of nights' strategy, or an innovative 'randomised blocks' of 1-2 hours strategy that maximises the

short term (accretion related) or flare-like variability. Studying these effects is not only of immediate scientific importance, it is
an integral and necessary part of the transit/eclipse search process, as transits can easily be mimicked or obscured by other
forms of variability.

Monitoring is carried out in i’ (or | when i' not available) with simultaneous V-band monitoring for the Orion Nebula Cluster
(ONC) to maximise our ability to discriminate between eclipses and other forms of variability. We also take Ho images every ~
2 hours for the INT and CTIO targets, as well as deep exposures in 1 complementary filter (R or g') for the clusters for which

deep CMDs are not already available in the literature (M34, M50, NGC2362, H & C Per). The motivation behind this survey and its expected impact will be detailed in an upcoming paper [Aigrain et al 2005,in prep).

Exposure times are adjusted to reach SMNRs of at least 30 down to the Hydrogen burning limit while minimising readout

overheads and keeping the time sampling to 15 min or better. When necessary to cover most of a given cluster, a mosaic of
several pointings is used.
Data processing: All data reduction (bias subtraction, flat fielding, astrometric and photometric calibration) is done
automatically using the Cambridge Astronomical Survey Unit (CASU) pipeline (Irwin & Lewis 2001). We then perform list Figure 2: Monochrome image generated
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of rotational modulation as a membership indicator (see Figure 5 [right]). November 2004 and December 2005 INT runs, while each night in a given run is identified by a different colour. The V-band light curve shows Table 1: Clusters targeted so far with observational details and expected detection rates. Note that the
eclipses of similar depth and shape. This object’s aptical and near-IR colours indicate a primary mass of ~0.3 Mg, Following the prescription of last four columns are loose estimates and are meant more for inter-comparison than absolute purposes
Seager & Mallen-Ornelas 2003, we deduce primary and companion radii of 1.32 and 0.25 Rg(the former in agreemeent with theoretical
expectations for a star of such mass at 1 Myr), an orbital distance of 4.2 Rg and hence a total system mass of ~0.302 Mg, The companion could
therefore be of substellar or planetary mass. I S
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phase target clusters, this survey should detect them (except for the most distant / oldest clusters where this is no longer true).
entire phase—folded light curve g SR - . - I I I PN - S I Candidates: Eclipse candidates have been identified in the ONC, M34 and M50 datasets (see Figures 6 to 8 for some examples), using the box-fitting algorithm of Aigrain &
. i . . i . i . i . . : . : . 1 2 3 4 5 & 7 8 9 10 Irwin (2004) combined by visual light curve examination. In each cluster we have several high quality candidates with colors consistent with cluster membership, indicative of
o bt " I time (days) primary masses as low as 0.16 Mg, and depths consistent with planetary or brown dwarf companions. We will obtain multiple medium resolution spectra of those on 4m class
o ol n | transit vicinity telescopes equipped with double-arm spectrographs (runs scheduled in Aug 2005 for M34 and Nov 2005 for the ONC), to be followed by higher resolution spectroscopy from
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phase Eal | J[ J[H . WFCAM on UKIRT, thereby taking advantage of the low effective temperatures of our targets and extending our
* + sensitivity down to sub-Neptune mass companions. This will also constitute the first systematic high time sampling,
Figure 7: Two examples of eclipse candidates in the M50. These I-band light curves have been phase folded at the best fit periods of 1.857 and i j{_ Wl long baseline near-IR monitoring of large numbers of PMS5 stars.
0.756 days respectively. The symbaols and colours have the same meaning as in Figure & {above right}, with two 3-night CTIO runs separated by & ‘ 1T
nights In Feb 2005, Secondary eclipses can be sean in the top panel.The primary and secondary eclipse depths can be used to deduce a flux ratio uy 1 §
of 0.16 for the two components, which, combined with the systemn aparent R and | magnitudes, implies approximate masses of 0.73 and 0.41 Mg = = ‘?5 . : . : = IE. . : ' = IE.E- ' : : : & Ig : . : : = ';15 - .
{following the models of Baraffe et al 1998, at the age and distance of the cluster). The bottom panel shows grazing eclipses whaose depth suggests Eirris Th e M O n Ito r' C 0 | I a bo ra tl O n

a near equal mass system with individual masses of ~0.22 Mg.

Figure 8: An example eclipse candidate in M34, with the same plotting convention as in Figure 6, for a single INT run in Mov. 2004, The top panel
shows the full i-band light curve, the bottom one focuses on the single eclipse, which may or may not have a flat bottomed part. While the period
is unknown, this object falls near the bottom of the cluster sequence (1=19.27,V=22.08, implying a mass of ~0.16 Mg), and will be very interesting if
rmembership is confirmed.
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