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PLAnetary Transits and 
Oscillations of stars 

•  transit detection and characterisation of thousands of 
exoplanets, including Earth-like planets in the habitable zone 

• M3 mission selected in ESA’s Cosmic Vision 2015-2025 
Programme 

•  launch: end of 2025 



The PLATO Concept 

•  ratio of stellar and planetary radius from transits (1,000,000 
stars surveyed) 

•  stellar radius from Gaia 

• mass ratio from ground-based radial velocities (for V<11) 

•  stellar mass and age from asteroseismology 

•  radius, mass and age of exoplanets 

• The PLATO photometric precision (34 ppm) is such that it 
enables the measurements of modes of oscillations (80,000 cool 
dwarfs). 



PLATO Observation Strategy 

•  monitor several fields to cover close to 50% of the sky  
•  about 1,000,000 stars brighter than V=13 in total 
•  monitor fields for up to 2-3 years at a cadence of 600s and shorter 



data volume data level per day 
[Gbytes] 

per year 
[TBytes] 

raw data (uncompressed telemetry) 201 72 

light curves and centroid curves with corrections applied on-
board, imagettes, images of sky regions 

L0 214 76 

calibrated data with all instrumental corrections applied (L1 
data level) 

L1 245 87 

final science data products, including catalogue of confirmed 
planetary systems and their characteristics 

L2/L3 >>51 >>19 

total 711 254 

è 
>1.5 PBytes for 6 years of observations; w/o intermediate data,  
reprocessing, and ground-based follow-up (data level Lg) 

PLATO Data Volume Estimates 



PLATO Science Ground Segment 



PLATO Science Ground Segment 

PDC:  
•  in charge of the calibration and processing of the PLATO observations 
•  delivers final PLATO science data products to the SOC 



PLATO Science Ground Segment 

PSM: 
•  provides scientific specifications of algorithms that run 

at PDC 
•  consortium scientists scientifically validate final 

science data products using PDC tools 



PLATO Science Ground Segment 

Data Analysis Support Tools: 
•  interactive tools to assist consortium scientists to inspect and scientifically 

validate PLATO Data Products on a case-by-case basis and update ranking of 
planetary systems 

•  also include tools for statistical analysis and data mining of large samples 
•  access and inspect according to VO standards 



•  planet radius and host star 
metallicity of ~600 Kepler planets 
(bottom panel) 

• Does metallicity distribution vary 
over planet radius? 

•  P value (top panel) of two-sample 
KS test suggests 2 transitions at 
~1.7 and ~3.9 R 

•  large number of planets (hundreds 
or thousands) is required to 
determine these transitions/
patterns precisely. 

greater than that of Earth2. Moreover, an analysis of data for a larger
sample of planets (including masses derived from transit timing varia-
tions), has shown that planets with RP , 1.5R› probably are of rocky
composition3. Finally, it has been suggested that RP < 1.75R› is a
physically motivated transition point between rocky and gaseous pla-
nets, based on reported masses and radii combined with thermal evolu-
tionary atmosphere models18. The statistically significant peak in the
metallicity–radius plane at 1.7R› agrees with these findings, suggesting
that the compositions of small exoplanets (RP , 3.9R›) in close prox-
imity to their host stars are also regulated by the number density of
solids in the protoplanetary disk. Thus, we interpret the two regimes of
smaller planets identified by the host star metallicities as reflecting the
transition between rocky terrestrial exoplanets that have not amassed a
gaseous atmosphere (RP , 1.7R›) and planets with rocky cores that
have accumulated an envelope of hydrogen, helium and other volatiles,
which we denote gas dwarfs (1.7R› , RP , 3.9R›).

The formation mechanism of the terrestrial and gas dwarf exoplanet
regimes in short orbital periods is not fully understood. In one model,
these small exoplanets are believed to form in situ with little post-
assembly migration19,20. Although the in situ accretion model seems
to be successful in reproducing the observed distribution of the ‘hot
Neptune’ and super-Earth systems, including their orbital spacing21, it
requires unusually large amounts of solids in the innermost protopla-
netary disk. A competing model invokes accretion during the inward
migration of a population of planetary embryos formed at a range of

orbital distances beyond the snow line22,23. On this view, Mars- and
Earth-size embryos migrate inwards owing to tidal interaction with the
disk24, and accumulate at the inner edge of the protoplanetary disk,
where they complete their assembly25. Irrespective of the formation
mechanism, however, the observed peak in the metallicity–radius
plane at 1.7R› suggests that the final mass and composition of a small
exoplanet is controlled by the amount of solid material available in the
protoplanetary disk. A higher-metallicity environment promotes a
more rapid and effective accretion process, thereby allowing the cores
to amass a gaseous envelope before dissipation of the gas. In contrast,
lower-metallicity environments may result in the assembly of rocky
cores of several Earth masses on timescales greater than that inferred
for gas dispersal in protoplanetary disks19 (,10 Myr), yielding cores
without gaseous hydrogen–helium atmospheres.

A prediction from gas accretion on short orbital periods is that
the critical mass at which a core can accrete an atmosphere is
Mcr<2:6M+(g=0:3)1=2(Porb=1 d)5=12, where g~Matm=Mcr is the frac-
tional mass comprised by the atmosphere26. In this model, the plan-
etary mass and, thus, radius indicating the transition from rocky to
gaseous planets should increase with orbital period. However, the exact
opposite dependence, namely a decrease in core mass with increased
orbital period, has also been suggested27. To investigate whether the
radius of transition from rocky to gaseous planets found in our data
shows a dependence on orbital period, we segregate the sample by period
into four bins with approximately equal numbers of planets. We repeat
the previously described Kolmogorov–Smirnov test for the planets in
each of the period bins: we remove the larger planets (RP . 3.9R›) and
perform a Monte Carlo simulation by drawing 106 sets of data, where the
host star metallicities and planetary radii are randomly perturbed within
the uncertainties. The red line in Fig. 2 is a power-law fit to the transi-
tion radius, Rcr, inferred from our data (Rcr~1:06R+(Porb=1 day)0:17).
Although additional data are required to confirm this relationship, the
fit is apparently consistent with a critical core mass that increases with
orbital period and an atmospheric fraction of 5% (ref. 26; blue dashed
line in Fig. 2). If correct, this predicts the existence of more massive rocky
exoplanets at longer orbital periods.

Although our analysis of a statistically significant number of planets
and their host star metallicities allows us to distinguish between three
distinct exoplanet regimes, we emphasize that a multitude of factors
can affect the outcome of planet formation. Therefore, the transition
radii inferred from our analysis probably represent gradual transitions
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Figure 2 | The radius of transition from rocky to gaseous exoplanets. The
transition radii (red points) are the means of the posterior distributions
resulting from the Monte Carlo analysis (main text), and the error bars indicate
the 1s uncertainties. Using the mass–radius approximation29 M/M› 5
(R/R›)2.06, we plot the radius corresponding to Mcr with an atmosphere
fraction of 5% as the blue dashed line and those for respective atmosphere
fractions of 1%, 3%, 10% and 20% as the dotted purple lines. The solid red line is
a power-law fit to the Monte Carlo data: Rcr~1:06R+(Porb=1 day)0:17.
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Figure 1 | Host star metallicities and three types of exoplanets with different
composition. a, P value of the two-sample Kolmogorov–Smirnov test. b, Radii
of the individual planets and their host star metallicities. Point colour
represents the logarithm of the period of the planets (blue, shortest period; red,
longest period). The solid red lines are the average metallicities in the three
regions (20.02 6 0.02, 0.05 6 0.01 and 0.18 6 0.02 dex, where each
uncertainty is 1 s.e.m. of the host star metallicities in the corresponding bin).
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Statistical tools: 
example for exoplanets 

Buchhave et al. 2014, Nature 509, 593 
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•  rotation period derived 
with Kepler based on star 
spots and astero-
seismology 

• How well do the period 
measurements agree? 

• PLATO: number of 
objects will be higher and 
error bars smaller 

Nielsen et al. (2015), A&A 582, A10  

Statistical tools: 
example for stars 



PLATO and the Virtual Observatory 

• VO standards will be included in PLATO software 
development 

• SAMP and VOTable support planned for dedicated tools at 
PDC main database as well as data analysis support tools 

• other VO standards not yet considered 

•  Interaction with other software like Aladin, Topcat, … 



PLATO and the VO: example 

Kepler example: candidates 

+ DSS seen in Aladin 



Summary and Outlook 

• The PLATO science data products will be generated at the PLATO 
Data Center which is led by MPS Göttingen. 

• The PLATO Data Center will offer VO compliant tools and services 
for use by the mission consortium, including tools for statistical 
analysis of large data sets. 

• A selection of the tools will be made available to the public by ESA. 

• Open questions: the final list of tools for statistical analysis and 
data mining tools needs to be identified. 

• Check PLATO M3 Yellow Book (2013). New M3 Red Book is being 
prepared. 


