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MOTIVATION OF OUR WORK
•Determine how the planet formation process depends on the mass of the 

star (BY TARGETING EVOLVED SYSTEMS M>1MSUN.) 

•Explore the chemistry of planet formation (WE GO TO LOW Z). 

•Test the physics of star-planet interaction processes: i.e tidal forces, 
stellar mass-loss, planetary irradiation(WE HAVE THE THEORY TOOLS). 

•Explore the diversity of planetary systems.
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Fig. 1.— The PTPS sample. Presented are 838 stars with detailed spectroscopic parameters

available (Zieliński et al. 2012; Niedzielski el al. in prep., Deka et al. in prep.). The three

stars presented in this paper are marked as black rectangles. Color coded is the amplitude

of p-mode oscillations estimated from the scaling relations of Kjeldsen & Bedding (1995).

Evolutionary tracks of Bertelli et al. (2008) are presented for three metallicities: [Fe/H]=0.0

(solid line), -0.30 (dashed line) and 0.3 (dotted line) for illustration purposes.
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ECCENTRICITY EVOLUTION AND MASS-LOSS

Villaver  et al. (2014)
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TAPAS IV: WARM (HOT) JUPITER TYC 3667-1280-1
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Fig. 11.— Orbital separation - log(a/R?) for planets orbiting hosts at various evolutionary

stages - log(g), all data from exoplanets.eu. Grey symbols - all planets, black symbols -

planets around 1 � 2 M� stars, red symbols - new planets presented here. Red and blue

lines - minimum distance to avoid engulfment for a 1.5 M� star and 1 MJ planet system and

minimum orbit above which a planet is not sensitive to tidal interaction with the stellar host

from Villaver et al. (2014). See text for discussion.

Niedzielski et al. (2015); tracks from Villaver et al. 



J. Maldonado et al.: Connecting substellar and stellar formation: the role of the host star’s metallicity

Fig. 5. Stellar metallicity of the host stars as a function of the minimum mass of the substellar companions. Different colours and symbol sizes
indicate the mass of the host star. Vertical dashed lines indicate the standard mass loci of low-mass planets, gas-giant planets, brown dwarf, and
stellar companions, from left to right respectively.

Fig. 6. Orbital period as a function of the minimum mass. Differ-
ent colours and symbol sizes indicate the eccentricity values. Vertical
dashed lines indicate the standard mass loci of low-mass planets,
gas-giant planets, and brown dwarfs, from left to right.

star’s metallicity and planetary properties discussed in recent
works.

– More massive stars host more massive planets. It has been
noticed that giant stars host more massive planets than
their main sequence counterparts (e.g. Johnson et al. 2007;
Lovis & Mayor 2007; Maldonado et al. 2013), although this
result should be taken with caution as the detection of small
planets around evolved stars is hampered by the large levels
of stellar jitter in these stars (e.g. Niedzielski et al. 2016).
We note that in our sample, stars in the mass range 1.5–
2 M� host only planets with masses around 1 MJup, while
for stars more massive than 2 M� planets are more massive
than 2 MJup. This trend might reflect a correlation between
disc gas masses and giant planet masses (Alibert et al. 2011;
Mordasini et al. 2012) as high-mass stars are likely to har-
bour more massive protoplanetary discs (e.g. Natta et al.
2000). In this scenario giant planet formation can occur in
low metallicity but high-mass protoplanetary discs as the
factor driving the planet formation process is the amount of
metals in the disc (e.g. Ghezzi et al. 2018). The metallicity
effect would depend on the mass of the disc, being the min-
imum metallicity required to form a massive planet lower
for massive stars. Ghezzi et al. (2018) found that the relation
between the amount of metals in the protoplanetary disc and
the formation of giant planets does almost follow a linear

relationship. The lack of a clear planet-metallicity correla-
tion found for giant stars might be explained by the fact that
they host more massive planets and these planets might find a
way in their more massive planetary discs to bypass the core-
accretion mechanism and form more like stars. Finally, we
note a tendency of more massive giant stars with substellar
companions to have higher metallicities in agreement with
previous works (Maldonado et al. 2013; Jofré et al. 2015).

– Trends in brown dwarfs hosts. Ma & Ge (2014) and Mata
Sánchez et al. (2014) showed that unlike gas-giant planet
hosts, stars with brown dwarfs do not show metal enrich-
ment. Maldonado & Villaver (2017) found that stars with
low-mass brown dwarfs tend to show higher metallicities
than stars hosting more massive brown dwarfs. Ma & Ge
(2014) and Maldonado & Villaver (2017) also discussed dif-
ferences in the period-eccentricity distribution of massive
and low-mass brown dwarfs. This result fits well with our
interpretation that more massive substellar objects tend to
form more like stars.

– Close-in and more distant planets. Recent works (Sozzetti
2004; Maldonado et al. 2018; Wilson et al. 2018) have dis-
cussed whether stars that host hot Juptiers show higher
metallicities than more distant planets. As more distant
planets are more massive than hot Jupiters (Ribas &
Miralda-Escudé 2007; Bashi et al. 2017; Santos et al. 2017;
Jenkins et al. 2017; Maldonado et al. 2018; see also Fig. 6),
they tend to orbit stars with a wider range of metallicities.

– Planets around low-mass stars. Planets around low-mass
stars (M? < 1 M�) are mainly low-mass planets and their host
stars do not show metal enrichment. They have short periods
and low eccentricities. On the other hand, very few gas-giant
planets have been found orbiting around low-mass stars and
their host stars show metal enrichment (Neves et al. 2013).
We caution that these results refer to radial velocity planets.
Results from transit surveys are discussed in Sect. 6.

We do not expect the general metallicity trends discussed in
this work for massive planets and brown dwarfs to be severely
affected by the different detection limits achieved for the differ-
ent planet hosts. As discussed in Sect. 3, planets of the mass of
Jupiter at short periods can be detected in more than 95% of
our targets. More distant substellar companions (P> 100 days)
might be detected in a significant, large percentage of our
stars, between 60 and 80%. The possible trend between massive

A94, page 5 of 7

Maldonado, J.; Villaver et al. (2019)

Mass-Metallicity relation: the star

TAPAS, red giant stars Villaver et al. (2017)





White dwarfs have received much attention among
exoplanet enthusiasts, as more than a quarter accrete
rocky material into their photospheres1,2. These so-

called “polluted white dwarfs” (PWDs) act as “cosmic mass
spectrometers”3 that provide near-direct analyses of exoplanet
compositions. White dwarfs are stars that have left the main
sequence, having used up all their fuel; the stars first expand to
form red giants, and then contract, to a size that is about that of
Earth4. At this point, planets orbiting these stars may cross the
stellar Roche limit and disintegrate, with the resulting debris
falling into the stellar atmospheres3,4. Most white dwarfs that
have cooled below 25,000 K have atmospheres that consist of pure
H or He, as heavier elements sink rapidly to stellar cores at such
temperatures3,4. When accretion of planetary debris occurs,
though, elements heavier than He are detected, giving us our
most direct view of exoplanet compositions3,4. The pollution

sources may consist of entire planets or the broken bits of planets
like our asteroid belt3,4. But dynamic modeling5 indicates that
metallic cores might be more resistant to tidal forces, so silicate
materials (mantle+ crust) might be concentrated in pollution
sources—which can magnify our view of mantle and crust
compositions.

Early studies of PWDs indicate that pollution sources are quite
likely dominated by rocky objects, much like our inner
planets4,6–9. Astronomers often use the term “Earth-like” for such
objects to distinguish these from gas giants. But as we will show,
PWDs allow for added precision: Mercury, Earth, Moon, and
Mars are all “Earth-like” in astronomical terms, but vastly dif-
ferent geologically. We thus reserve the term “Earth-like” for
planets that are more similar to Earth than they are to Mars,
Mercury, or the Moon, etc., and recommend modifiers such as
“Mars-like” or “Mercury-like”, etc., as occasion demands.
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Fig. 1 A comparison of bulk planet (core + crust + mantle) compositions. Bulk compositions of polluted white dwarfs (PWDs) are compared to the bulk
planets Earth21, Moon23, and Mars26 and FGKM stars of the Hypatia Catalog17 (a, b), and various meteorite types19 (c), as well as rocks from Earth31,
Moon32, and Mars30, and iron and stony iron meteorites19 (d). c also shows the field for the subclass of achondrites known as urelites, which have an
unknown parentage. Mg+ Si+Ca+ Fe are normalized to equal 100%. Vertical and horizontal lines labeled “WD Unc.” show the propagated average
uncertainties of PWD compositions. a, b show that PWDs exhibit a much wider range of compositions than that found among FGKM stars. c, d show that
PWDs overlap only imperfectly with meteorites from our Solar System, and almost not at all with rocks from Earth, Mars, or Moon. WD1041+ 092 has the
highest Ca among our PWDs, but as can be seen in d, it cannot be a candidate for continental crust as it is far removed from granitic rocks that characterize
such crust types. MORB Mid-Ocean Ridge Basalt.
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Exoplanet composition from Polluted WDs
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Plate tectonics!!!!



Maldonado, R., Villaver et al. (2021ab, 2022)

Multiple planetary systems 
Kepler- 84
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