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Abstract. First, we summarize the four-year lon§ats undertaken to build the final
setup of the APACHE Project, a photometric transit searctsifioall-size planets orbit-
ing bright, low-mass M dwarfs. Next, we describe the prestatus of the APACHE
survey, dficially started in July 2012 at the site of the Astronomicak@itvatory of the
Autonomous Region of the Aosta Valley, in the Western Itakdps. Finally, we briefly
discuss the potentially far-reaching consequences of &-teahnique characterization
program of the (potentially planet-bearing) APACHE tasget

Introduction

1

M dwarf stars, with massed, < 0.6 My, make up the vast majority of the reservoir of nearby stars
within ~ 25—-30 pc. These stars have not traditionally been includeddgelaumbers in the target lists
of radial-velocity (RV) searches for planets for two maiagens: 1) their intrinsic faintness, which
prevented Doppler surveys in the optical from achieving Vegh radial-velocity precision{ 5 - 10
my/s) for large samples of M dwarfs (e.g., Eggenberger & Udry@@&hd references therein), and
2) their being considered as providers of very inhospitaeironments for potentially habitable
planets (e.g., Tarter et al. 2007; Scalo et al. 2007, andeedes therein). These two paradigms
are now shifting. There are several important reasons fr aichange in perspective, which can be
summarized under two main themes.

First, the observational evidence gathered by ultra-Ipiggtision space-borne photometric sur-
veys (e.g., Kepler) indicates that the frequency of low-sraanets, i.e. Neptunes and Super-Earths,
is an increasing function of decreasing stellar mass (Hdwail. 2012; Dressing & Charbonneau
2013). This result has recently been strengthened by thmfisef ground-based RV programs car-
ried out with state-of-the-art facilities (e.g., HARPSu@@r-Earths withM, < 10 Mg within the
Habitable Zor@(HZ) of low-mass stars appear ubiquitous (Bonfils et al. 20G3ven that the iden-
tification of a rocky, habitable planet is the essential ggeisite to its possible characterization as an
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1In its standard definition, the Habitable Zone correspondbé range of distances from a given star for which waterctoul
be found in liquid form on a planetary surface (Kasting etll93)
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actual life-bearing celestial object, it is thus clear wbydmass M dwarfs, seen for long as providers
of inhospitable environments for life (Scalo et al. 20074 agferences therein), are now being moved
at the center of the stage in the exoplanets arena. Consengtswving among the astronomers’
community that the first habitable rocky planet will be digeed (and might have been discovered
already!) around a red M dwarf in the backyard of our Solat&ys

Second, the sample of the nearabt{ 25— 30 pc), relatively brightd < 9 — 10) M dwatrfs is
amenable to combined studies with a wide array of obsemalttechniques, which can be exploited
at the best of their potential providing the opportunity ttaacterize the architecture of planetary
systems across orders of magnitude in mass and orbitaletEperin a way that's not readily achiev-
able for Solar analogs. For example, the possibility tomeetection of short-period transiting rocky
planets from the ground with modest-size telescopes $8@m class) is guaranteed by the small radii
of M dwarfs, leading to deep transitarfiag > 0.005 mag) for the case of planets witkR, < 4 R
(e.g., Charbonneau et al. 2009). In addition, as we haveisied above, the favorable mass ratios
allow for detection of rocky, potentially habitable plasetith the RV technique, thanks to the moder-
ately large amplitudes of the RV signals (a feyisin Analogously, at intermediate separatioad -4
AU) high-precision astrometry becomes sensitive to pkirethe mass range between Neptune and
Jupiter (e.g., Casertano et al. 2008). Finally, the favierplanet-star contrast ratios provided by the
low intrinsic luminosity of M dwarfs allows for improved dsttability thresholds of giant planets at
wide separations>( 5 — 10 AU) with direct imaging techniques (e.g., Bowler et al.12D For the
same reason, atmospheric characterization of transitiwgrass Super-Earths can be achieved for
this sample (e.g., Tessenyi et al. 2012). Systematic fwafiplanetary systems orbiting low-mass
stars can thus crucially inform planet formation and evolutstructural and atmospheric models,
particularly when seen in connection with the propertiethefhosts (e.g., Ida & Lin 2005; Mordasini
etal. 2012a,b; Seager & Deming 2010, and references therein

However, not all physical properties of low-mass stars a@n precisely enough for the purpose
of the detection and characterization of small-radius glenWorse still, some of the characteristics
intrinsic to late-type dwarfs can constitute a significamtree of confusion in the interpretation in
planet detection and characterization measurementssaar@nge of techniques. First of all, there
exist discrepancies between theory and observations iddtegmination of the sizes of M dwarfs,
typically on the order of 10%-15% (Ribas 2006; Torres et 8L, and references therein). Second,
there are at presentfilculties in spectroscopically determining with a high degoé precision M
dwarf metallicities, as M-dwarf spectra are dominated bgrsitally complex molecular features
that make the identification of the continuum in an M dwarfctpem challenging, rendering line-
based metallicity indicators unreliable (Woolf et al. 20®jas-Ayala et al. 2010). Third, our
understanding of the age-rotation-activity connectiarfitdd M dwarfs with age greater than- 0.5
Gyr (e.g., Jenkins et al. 2009; West & Basri 2009) is stilljsabto rather large uncertainties due to
the sparseness of the data. Fourth, as measurements ofadpioenic activity indicators (i line)
have shown how the fraction of active M dwarfs increases amation of spectral sub-type (e.g.,
Bochanski et al. 2005; West et al. 2011), activity-relateérmpmena such as stellar spots, plages,
and flares become increasingly a matter of concern for ptiatettion and characterization programs
targeting late-type stars.

All the above considerations clearly underline how achiguthe goal of the detecticemd char-
acterization of low-mass, potentially habitable, rockgmts around low-mass stars requires the con-
struction of a large (all-sky) sample of nearby, relativehjght M dwarfs with well-characterized
properties. This will necessitate the combined use of t@@es of spectroscopic, astrometric, and
photometric data of high quality. In particular, the jittevels will have to be quantified in detail for
each target individually, as the jitter properties may Vvirom star to star within the same spectral



Hot Planets and Cool Stars

Figurel. Left: Map of northern Italy with the red cross marking the apgimate location of the OAVdA in the
Western Italian Alps. Right: A night view of the Aosta Vall®bservatory.

class, as suggested by recent findings based on high-jre&ispler photometry (e.g., Ciardi et al.
2011) and high-resolution, highi$spectroscopy (e.g., Zechmeister et al. 2009). In thevatig, we
summarize the preparations for and present first resulis ABACHE (A PAthway to the Character-
ization of Habitable Earths), a new ground-based photaoteaénsiting search for small-size planets
around thousands of bright, nearby early- to mid-M dwarfise APACHE project is a collaboration
between INAF-Osservatorio Astrofisico di Torino (INAF-O#jTand the Astronomical Observatory
of the Autonomous Region of the Aosta Valley (OAVdA). APACHIElizes an array of five 40-cm
telescopes at the OAVdA site, in the western Italian Alpg (i left and right panels). The survey,
with official kick-off in July 2012, will last for five years.

2 The Site Characterization Study

In this work (Damasso et al .2010), we carried out a detaiteccharacterization study at the OAVdA
site, aimed at establishing its potential to host the APAQir&ect. For the purpose of the site testing
campaign, we gatherd@tband photometric and seeing measurements utiliziffgréint instruments
available at the site. We gauged site-dependent obsereingittons such as night-sky brightness,
photometric precision, and seeing properties. Public aretegical data were also used in order to
help in the determination of the actual number of useful olisg nights per year.

We measured/-band night-sky brightness and extinction levels not didsir from those regis-
tered at other good observing sites. The median seeing loegreriod of in situ observations (a few
months) was found to be 1.7” (Fig.[d, left panel), and rather stable. However, given timitéd
duration of the observations, we did not probe any possiséng seasonal patterns or the details of
its possible dependence on other meteorological parametgch as wind speed and direction. The
fraction of fully clear nights per year amounts to 39%, wthiile total of useful nights increases to
57%, assuming a (conservative) cloud cover of not more tlh&h &f the night. Based on the analysis
of photometric data collected over the period of 2009 Mayg#st for three stellar fields centered
on the transiting planet hosts WASP-3, HAT-P-7, and Glie3@, 4ve achieved seeing-independent
best-case photometric precisier3 mmag (rms) in several nights for brighiR & 11 mag) stars (see
Fig.[d, right panel for an example). A median performarcé mmag during the observing period
was obtained for stars witR < 13 mag.



EPJ Web of Conferences

4f
N : .
ot = :
g 3? e 3 E 0.100E
£ s ¢ ¢ =
n o r : . : g
S 2f T
7; b ¢ * .Q = g
£ .. 2 0.010F
ap [ é ’. @ £
I AR
) [
v [
n 3
O 5 Il Il Il Il 0 001 g
. 7 I (I I I I I
980 1000 1020 1040 10 11 12 13 14 15 16 17
JD—2,454,000 (d) Instrumental mean magnitude

Figure 2. Left: The distribution of seeing measurements over the wlpgriod of observation reported in
Damasso et al. (2010). The small black stars show individatd points, each corresponding to an average
seeing value over a 1 min interval. The large filled circleidate the median seeing value for each night. Right:
Photometric errors (rms) vs. instrumental mean magnitndis field of the planet-hosting star WASP-3 during
a good observing night (Damasso et al. 2010). The variougibations to the expected photometric noise,
according to an analytic error budget model, are also sh&®igtures reprinted with permission from Damasso
et al. (2010).

3 The Pilot study

The pilot study (Giacobbe et al. 2012) was focused on a yeaj{bhotometric monitoring campaign,
using small-size instrumentation (25-80 cm class telessyptems), of a sample of 23 brighit€¢ 12
mag), cool MO-M6 dwarfs with good parallaxes from the TOriParallax Program (TOPP; Smart et
al. 2010). The primary objectives we set out to achieve mishidy were) to demonstrate sensitivity
to< 4 R, (i.e., smaller than radius of Neptune) transiting planetls periods of a few days around our
sample, through a two-fold approach that combines a ctearaation of the statistical noise properties
of our photometry with the determination of transit detastprobabilities via simulations, aru)
where possible, to better our knowledge of some astropalysioperties (e.g., activity, rotation, age)
of our targets through a combination of spectroscopic atrdmgtric information and our tferential
photometric measurements.

We achieved a typical nightly rms photometric precisior & mmag, with little or no dependence
on the instrumentation used or on the details of the adoptgtiads for diferential photometry, and
gauged the degradation levels in the precision with resjeeatpure white noise regime due to the
presence of correlated (red) noise in our data. Based onadlatkestellar variability analysisa)
we detected no transit-like events (an expected resulhdgive sample size)y) we determineck 1
day photometric rotation periods for two of the M dwarfs ie gample, in agreement with the large
projected rotational velocities inferred for both starsdzhon the analysis of archival spectra, and
found consistency of the estimated inclinations of thdatebtation axes with those derived using
a simple spot model (see Fig. 3, left panel). For two star©iensample we recorded short-term,
low-amplitude flaring events. Finally, based on simulaiaf transit signals of given period and
amplitude injected in the actual (nightly reduced) phottriinedata for our sample, we derived a
relationship between transit detection probability andgghcoverage (see FIg. 3, right panel). We
found that, using the BLS search algorithm, even when phaserage approached 100%, there was
a limit to the detection probability of 90%. Around program stars with phase coveradg)% we
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Figure 3. Left: Photometric data for the dM star LHS 3445 folded acowydo its probable rotation period
(P = 0.472 days). Overplotted is a best-fit single-spot model, asudised in Giacobbe et al. (2012). Right:
Average detection probability as a function of average pltasverage foP < 1.0 days. Pictures reprinted with
permission from Giacobbe et al. (2012).

Figure 4. Left: Close-up night view of the APACHE telescope array. lRigA cartoon visualizing the exact
arrangement of the APACHE telescopes within the OAVdA piaf.

would have had- 80% chances of detecting planets witlx 1 day inducing fractional transit depths
> 0.5%, corresponding to minimum detectable radii in the randed — 2.2 R;.

4 The APACHE Infrastructure

APACHE employs an array of five 40-cm class telescopes hamted single platform with elec-
tronically controlled roll-df enclosure (see Fi@] 4, left panel). The availability of eglenmovable
enclosure and of much of the associated support infrastreichakes the OAVdA a site essentially
unique in Europe and willféord a very substantial cost saving for the project. The giearent of the
array has been defined so as to maximize sky coverage durimgaign operations (see FIg. 4, right
panel). The telescope array is composed of five identicd@arruss 40-cny8.4 Ritchey-Chrétien
telescopes, with a GM2000 10-MICRON mount and equipped @il Proline PL1001E-2 CCD
Camera and Johnson-Cousins R & | filters. These systemsrgearstate-of-the-art quality perfor-
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Figure5. V mag distribution of the APACHE target sample.

mance: negligible temperature gradients, QE 80% in the evin@velength range of interest. The
open source observatory manager RTS2 (Kubanek 2010) ishitieecfor the high-level software
control of the five-telescope system, including dynamicesicting of the observations (for details,
see Christille et al., this volume). Provisions have beedarfar the hardware of relevance for the
APACHE operations control, data acquisition, processiegte@ and backup, which is necessary to
accommodate the high data rate: two HP Z600 Workstation aedHP EliteBook 8740w Mobile
Workstation as control PCs and workstations for data aiglgee HP Storage Works X1600 12TB
as Network Attached Storage (NAS), connected togethemirariet 1 GB.

5 Survey Design: Input Catalogue and Observing Strategy

The APACHE Input Catalogue (AIC) of M dwarfs is constructeédrsng from the all-sky sample
of 8889 bright § < 10) low-mass stars in Lépine & Gaidos (2011). The final AICamposed of
~ 3000 targets selected on the basis of their visibility fréra OAVdA site and the availability of
a suitable number of potentially good comparison stars éntéttescopes’ field-of-view. Moreover,
cross-correlation with approximately two dozen cataleaguas performed to get further information
about the targets, such as a precise determination of apelass, their projected rotational veloc-
ity V sini, their level of chromospheric activity, X-ray emissionethresence of binary companions
detected either spectroscopically or by direct imagingstrometry, or a combination of these tech-
niques. Based on accurate parameterization of Gaia’'s saptaw, the number of the Gaia transits
scheduled was associated to each target. Based on allldgaditdormation, a prioritized list was
defined for the purpose of scheduling with the APACHE telpsso The final optical magnitude dis-
tribution of the sample peaks ¥t~ 13 mag, with a median &f ~ 14 mag (Figlh). The vast majority
of targets is bright enough to allow for a host of additiona&acterization measurements, in case
of positive detections of transiting planets. As a syneécgstample, a carefully selected sub-sample
of APACHE targets is currently the objective of high-prémisRY monitoring with the HARPS-N
spectrograph on the Telescopio Nazionale Galileo (TNG patsgf the long-term Global Architecture
of Planetary Systems (GAPS) programme.

We built upon the experience matured with the pilot studyafret and then refine the details of
the observing strategy for the APACHE survey. Taking intocamt the use of synthetic transits, by
assuming dterent numbers of consecutive exposures (from 1 to 4) afiekeint temporal samplings
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Figure 6. Left: rms photometric precision distribution for a sampfe-0100 APACHE targets observed during
the first six months of survey operation. Right: APACHE#1lepédndent discovery lightcurve of an eclipsing
binary first reported by Kiraga (2012).

(intervals of 20 through 50 minutes between two sets of aortsee pointings of the telescope on
the same target), we evaluated the transit detection pilitkeestfor stars with diferent average phase

coverages in a given interval of possible orbital periodise Tesults of this analysis prompted us to
adopt an initial observing strategy consisting of 3 expeswavery~ 20 minutes, to be eventually

revisited as the survey unfolds.

6 The First Six Months of Operations

Official survey operations started in July 2012, and the pra&eatution can be followed through its
official website at httgfapacheproject.altervista.org. With six months of datéectéd in hand, we
can begin to look at some statistics of the survey. Approxétga 00 fields have been observed thus
far, with each APACHE telescope typically observing a dazegets each night. The weather pattern
of the Summer and Fall seasons has confirmed the expectéidtfir&ée 50%) of useful nights.

Using the robust TEEPEE pipeline for the reduction and asislgf the photometric data (Gia-
cobbe et al. 2012), we performedi@rential aperture photometry on the ensemble of targetrobd
to-date. The resulting distribution of the rms photomatriecision for the sample (Figl 6, left panel)
has a median of 5 mmag, attesting of the quality of the data. We indepenyelicovered (Fid.16,
right panel) a new eclipsing binary amongst our targets, waes published by Kiraga (2012) while
we were performing a preliminary analysis on the data.

In parallel, we are developing the pipeline TSE (TEEPEE i&ehtwhich is designed to perform
real-time diferential photometry of the targets during each night. Ondg tleveloped and tested,
TSE will be used for a prompt identification and assessmeinttefesting signals, triggering real-
time changes in the observing strategy such as high-cadeloe-up of ongoing possible events
(magnifying the sensitivity to long-period planets).

A significant update to the AIC is now ongoing, based on thesladpectroscopic information for
many of the APACHE targets published by Lépine et al. (20T3)e repercussions are particularly
non-negligible in the M0-M1 sub-spectral type regime, witlany objects being spectroscopically
recognized as earlier-type dwarfs.

7 Summary

APACHE is the first Europe-based transit search for smalibisaplanets orbiting, bright, nearby M
dwarfs. It draws on the pioneering work carried out by the MEaroject (Nutzman & Charbon-
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neau 2008), in that is adopts a one target per field approattharcorrespoding constraints on the
observing strategy optimized for the array of five APACHEeselopes and the chosen site charac-
teristics. It extends and complements MEarth in the Northresmisphere, in that it targets early-
to mid-M dwarfs, conceding in detectable planet radius faediphotometric precision but focusing
by construction on a target sample that’s in principle mensé@irable for atmospheric characteri-
zation work in case of positive detection. After the first sbonths of operations, the program is
delivering the expected quality inftirential photometric precision. The synergy potentiaieein
APACHE, Doppler (e.g., HARPS-N), and astrometric (e.g.igsgechniques is potentially huge (see,
e.g., Sozzetti, this volume), and the APACHE optical ligites of thousands of M dwarf stars will
contribute directly to create a database of uniquely wedlracterized low-mass stars in the solar
neighborhood, inclusive of exoplanets with precise madsadius determinations orbiting M dwarfs
bright enough to enable detailed characterization of thagtary interior structure and atmospheres
with upcoming space-borne observatories (e.g., CHEOPSCEQWST).
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