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ABSTRACT

Doppler-based planet surveys point to an increasing occurrence rate of giant planets
with stellar mass. Such surveys rely on evolved stars for a sample of intermediate-mass
stars (so-called retired A stars), which are more amenable to Doppler observations
than their main-sequence progenitors. However, it has been hypothesised that the
masses of subgiant and low-luminosity red-giant stars targeted by these surveys —
typically derived from a combination of spectroscopy and isochrone fitting — may
be systematically overestimated. Here, we test this hypothesis for the particular case
of the exoplanet-host star HD 212771 using K2 asteroseismology. The benchmark
asteroseismic mass (1.45+0.10

−0.09
M⊙) is significantly higher than the value reported in

the discovery paper (1.15± 0.08M⊙), which has been used to inform the stellar mass-
planet occurrence relation. This result, therefore, does not lend support to the above
hypothesis. Implications for the fates of planetary systems are sensitively dependent
on stellar mass. Based on the derived asteroseismic mass, we predict the post-main-
sequence evolution of the Jovian planet orbiting HD 212771 under the effects of tidal
forces and stellar mass loss.

Key words: asteroseismology – planetary systems – planet-star interactions – stars:
individual: HD 212771 – techniques: photometric – techniques: spectroscopic

⋆ Based on observations collected at La Silla Observatory (ESO,
Chile) with the FEROS spectrograph at the 2.2-m telescope under
programme 088.C-0892(A).
† E-mail: campante@bison.ph.bham.ac.uk (TLC)

1 INTRODUCTION

Studies based on Doppler surveys have suggested an in-
creasing occurrence rate of giant planets with stellar mass
(Johnson et al. 2007b; Lovis & Mayor 2007; Bowler et al.
2010; Johnson et al. 2010b), taken as supporting evidence
of the core-accretion model of planet formation. Such stud-
ies rely, at the higher-mass end (i.e., M >∼ 1.5M⊙), on the
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2 T. L. Campante et al.

evolved counterparts of A- and early F-type stars (e.g.,
Hatzes et al. 2003; Setiawan et al. 2005; Reffert et al. 2006;
Johnson et al. 2007a; Sato et al. 2008; Wittenmyer et al.
2011; Niedzielski et al. 2015). These stars, collectively
known in the literature as retired A stars, exhibit signifi-
cantly slower surface rotation rates than their main-sequence
progenitors (e.g., do Nascimento et al. 2012; Garćıa et al.
2014), hence becoming more amenable to Doppler-based
planet surveys. The validity of the above result is, never-
theless, subject to our ability to measure accurate masses
for evolved stars.

The masses of subgiant and low-luminosity red-giant
stars targeted by Doppler surveys discussed in the lit-
erature are estimated by fitting the outputs of stellar
evolutionary models to a set of observables, typically
the luminosity, and the spectroscopically-determined effec-
tive temperature and metallicity. Recently, though, Lloyd
(2011) has called into question these mass estimates, ar-
guing that the selection criteria used to define samples of
evolved stars for Doppler-based planet surveys should in-
stead have led to a sample dominated by lower-mass stars,
more likely to have originated from a population of late
F/early G dwarfs with masses in the range 1.0–1.2 M⊙ .
The debate over this claim is ongoing (Johnson et al. 2013;
Lloyd 2013; Schlaufman & Winn 2013; Johnson et al. 2014;
Ghezzi & Johnson 2015). A resolution to this issue would
carry important implications for the way in which masses
are estimated for stars in the subgiant and giant branches,
especially in the absence of asteroseismic information. Fur-
thermore, it has a direct impact on our understanding
of planet occurrence as a function of stellar mass. In
that regard, knowledge of giant-planet occurrence rates
around intermediate- and high-mass stars is central to accu-
rately predicting the yield of planet imaging surveys (e.g.,
Crepp & Johnson 2011).

The advent of space-based asteroseismology has vastly
benefitted the study of solar-type (i.e., low-mass, main-
sequence stars and cool subgiants) and red-giant stars (for
a review, see Chaplin & Miglio 2013). These stars exhibit
solar-like oscillations, which are stochastically excited and
intrinsically damped by turbulence in the outermost lay-
ers of a star’s convective envelope. Analysis of solar-like
oscillations has allowed the precise determination of fun-
damental stellar properties (e.g., mass, radius and age)
for large numbers of field stars, including over a hundred
exoplanet hosts (e.g., Huber et al. 2013; Campante et al.
2015; Silva Aguirre et al. 2015; Campante et al. 2016a;
Davies et al. 2016; Lundkvist et al. 2016). Tests of the ac-
curacy of asteroseismic masses have so far mostly relied on
studies of red-giant members of open clusters. Current stud-
ies suggest that, especially when stellar-model-based correc-
tions to the large frequency separation (∆ν; see Sect. 2.2
for a definition) scaling relation are applied, asteroseismic
masses are compatible with independent mass estimates,
showing no evidence of systematic offsets (e.g., Miglio et al.
2016; Sharma et al. 2016; Stello et al. 2016, and references
therein).

Asteroseismology with the repurposed NASA K2 mis-
sion (e.g., Chaplin et al. 2015; Stello et al. 2015; Lund et al.
2016a,b; Miglio et al. 2016) — successively targeting dif-
ferent fields along the ecliptic plane — therefore has the
potential to shed new light on the retired A star con-

troversy by providing accurate and precise masses for a
number of bright, subgiant and low-luminosity red-giant
host stars previously targeted by Doppler surveys. Herein,
we address this issue by presenting the first1 asteroseis-
mic characterisation of a known exoplanet-host star using
K2 photometry, deferring an ensemble study to a future
publication (T. S. H. North et al., in prep.). HD 212771
(EPIC 205924248, HIP 110813, 2MASS J22270308-1715492)
is a bright (V = 7.60; Høg et al. 2000) subgiant of spectral
type G8 IV (Houk & Smith-Moore 1988), being amongst the
targets of the Doppler-based planet survey of Johnson et al.
(2007a). It hosts a Jovian planet (with minimum mass
Mp sin i=2.3± 0.4 MJup) in a 373.3-day orbit (Johnson et al.
2010a). The stellar mass reported in the discovery paper
(1.15 ± 0.08M⊙) does not place HD 212771 in the retired
A star category. However, other recent spectroscopic stud-
ies have provided mass estimates for this star in the range
1.22–1.60 M⊙ (Mortier et al. 2013; Jofré et al. 2015), thus
encompassing the ∼1.5M⊙ threshold and calling for a re-
evaluation of its fundamental properties.

The rest of the paper is organised as follows. In Sect. 2
we conduct both a spectroscopic and asteroseismic analyses
of HD 212771. This is followed in Sect. 3 by the estimation
of fundamental stellar properties through a grid-based mod-
elling approach that uses global asteroseismic parameters,
complementary spectroscopic data and a parallax-based lu-
minosity as input. In Sect. 4 we determine the post-main-
sequence planetary system evolution based on the newly de-
rived stellar properties. Finally, we discuss our results in
Sect. 5.

2 OBSERVATIONS AND DATA ANALYSIS

2.1 High-resolution spectroscopy

We base our spectroscopic analysis on a high-quality
FEROS (Fiber-fed Extended Range Optical Spectrograph;
Kaufer et al. 1999) spectrum retrieved from the ESO
archives and obtained on 2011 November 15. It covers the
spectral domain 3565–9215 , with a nominal resolving power
R∼48,000.

The initial data reduction steps (i.e., bias subtraction,
flat-field correction, removal of scattered light, order ex-
traction, merging of the orders and wavelength calibration)
were carried out with the dedicated instrument pipeline. The
spectrum was subsequently put in the laboratory rest frame
and the continuum was normalised by fitting low-order cu-
bic splines or Legendre polynomials to the line-free regions.
Finally, the telluric features affecting the 12CN lines around
∼8003 were removed. Our other internal mixing diagnostics
(notably [O i] λ6300 and 13CN λ8004.7) are not significantly
affected by telluric contamination. These last reduction steps
were carried out using standard tasks implemented in the
iraf

2 software.

1 Grunblatt et al. (2016) have recently reported the first newly
discovered K2 planet around an asteroseismic host star.
2
iraf is distributed by the National Optical Astronomy Obser-

vatories, which is operated by the Association of Universities for
Research in Astronomy, Inc., under cooperative agreement with
the National Science Foundation.
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Weighing in on the masses of retired A stars 3

The spectral analysis is similar to that carried out for
CoRoT red giants by Morel et al. (2014). Although a num-
ber of improvements on the analysis procedure have since
been implemented (listed below), this nevertheless leads to
small differences (i.e., within the quoted uncertainties) in
the estimated atmospheric parameters and elemental abun-
dances:

• Two Fe ii lines (λ5991 and λ6416) were discarded from
the analysis because they tend to systematically yield dis-
crepant abundances.
• A change to the atomic data for some CN features around
∼6707.6 was applied, which leads to a better fit of the blend
formed by Li i λ6708 and a nearby Fe i line at ∼6707.4 .
• A better removal of the telluric features affecting the 12CN
lines around ∼8003 (and occasionally [O i] λ6300) was im-
plemented as well as a more precise assessment of the effect
of telluric subtraction on the 12C/13C isotopic ratio.

The atmospheric parameters (Teff, log gspec and micro-
turbulence ξ) and abundances of 12 metals (Fe, Na, Mg, Al,
Si, Ca, Sc, Ti, Cr, Co, Ni and Ba) are self-consistently deter-
mined from the spectrum using a classical curve-of-growth
analysis. We computed the relative abundance of α elements
as the unweighted mean of the Mg, Si, Ca and Ti abun-
dances, resulting in [α/Fe]=0.06 ± 0.02. The Li, C, N and O
abundances (as well as the 12C/13C isotopic ratio) are de-
rived from spectral synthesis of atomic or molecular features.
Lithium abundance and the carbon isotopic ratio may be of
special interest to some readers, as they carry signatures
of extra mixing processes taking place during late stages of
stellar evolution (e.g., Lagarde et al. 2012, and references
therein).

All calculations assume local thermodynamic equilib-
rium (LTE). Kurucz atmosphere models and the line anal-
ysis software moog

3 are used. As discussed by Morel et al.
(2014), the use of plane-parallel or spherical MARCS model
atmospheres does not lead to appreciable differences in GK
subgiants at near-solar metallicity. Excitation and ionisa-
tion equilibrium of iron are used to derive Teff and log gspec,
while the microturbulence was inferred by requiring no de-
pendence between the Fe i abundances and the line strength.
A total of 55 Fe i and 8 Fe ii lines were used. The line-to-line
scatter of the Fe abundances is ∼0.035 dex in both cases.

The results of the spectroscopic analysis are provided
in Table 1. Teff and [Fe/H] will later be used as input in
the grid-based modelling (see Sect. 3). Note that the quoted
C, O and Na abundances have not been corrected for their
dependence on [Fe/H] due to the chemical evolution of the
Galaxy (see Morel et al. 2014). We also provide the non-
LTE Li abundance using a correction interpolated from the
tables of Lind et al. (2009). The abundances based on [O i]

λ6300 are believed to be generally more reliable than those
yielded by the O i triplet because they are not affected by
departures from LTE (e.g., Schuler et al. 2006). However, in
our case both values turn out to be fully consistent.

A number of independent studies have provided
atmospheric parameters and elemental abundances
for HD 212771 based on high-resolution spectroscopy
(Johnson et al. 2010a; Maldonado et al. 2013; Mortier et al.
2013; Santos et al. 2013; Jofré et al. 2015). From these we

3 http://www.as.utexas.edu/~chris/moog.html

Table 1. Atmospheric parameters and elemental abundances.

Parameter Value

Teff [K] 5065 ± 75

log gspec [cgs] 3.37 ± 0.17

ξ [kms−1] 1.15 ± 0.06

[Fe/H] −0.10 ± 0.10

[Na/Fe] −0.01 ± 0.08

[Mg/Fe] 0.04 ± 0.10

[Al/Fe] 0.08 ± 0.10

[Si/Fe] 0.10 ± 0.08

[Ca/Fe] 0.09 ± 0.05

[Sc/Fe] 0.00 ± 0.13

[Ti/Fe] 0.02 ± 0.09

[Cr/Fe] 0.04 ± 0.05

[Co/Fe] 0.04 ± 0.08

[Ni/Fe] −0.02 ± 0.05

[Ba/Fe] 0.14 ± 0.14

[Li/H] LTE −0.49 ± 0.13

[Li/H] non-LTE −0.40 ± 0.13

[C/Fe] −0.11 ± 0.09

[N/Fe] 0.18 ± 0.13

[O/Fe] 0.04 ± 0.14
12C/13C 11 ± 5

determined a median iron abundance [Fe/H] = −0.14

(0.04 dex scatter), a median effective temperature
Teff = 5085 K (24 K scatter) and a median surface gravity
log gspec = 3.50 (0.09 dex scatter), in good agreement with
the values determined in this work.

2.2 Asteroseismology with K2

Solar-like oscillations are predominantly standing acoustic
waves (or p modes). The oscillation modes are characterised
by the radial order n, the spherical degree l and the az-
imuthal order m. Radial modes have l=0, whereas non-radial
modes have l > 0. Observed oscillation modes are typically
high-order modes of low spherical degree, with the associ-
ated power spectrum showing a pattern of peaks with near-
regular frequency spacings. The most prominent separation
is the large frequency separation, ∆ν, between neighbour-
ing overtones with the same spherical degree. The large fre-
quency separation essentially scales as the square root of the
mean stellar density, 〈ρ〉1/2 (Ulrich 1986; Brown & Gilliland
1994). Moreover, oscillation mode power is modulated by an
envelope that generally assumes a bell-shaped appearance.
The frequency at the peak of the power envelope is referred
to as the frequency of maximum oscillation amplitude, νmax,

which has been shown to scale as g T
−1/2

eff
(Brown et al. 1991;

Kjeldsen & Bedding 1995; Belkacem et al. 2011). The fact
that νmax mainly depends on g makes it an indicator of the
evolutionary state of a star.

Substantial changes to the properties of solar-like oscil-
lations occur following exhaustion of hydrogen in the core.
The frequencies of non-radial modes, noticeably those of
dipole (l = 1) modes, are shifted as they undergo avoided
crossings, which arise from the coupling between p modes in
the outer envelope and g (or gravity) modes trapped in the
stellar interior (Osaki 1975; Aizenman et al. 1977). At the
avoided crossings modes have a mixed nature, with both p-

MNRAS 000, 1–10 (2016)
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Figure 1. Background-corrected oscillation spectrum of HD 212771. The power spectrum has been normalised after dividing it by a
heavily smoothed (using a median filter) version of itself. Radial (l=0) mode frequencies were predicted by applying the universal red-giant

oscillation pattern (Mosser et al. 2011) using the measured ∆ν value. Quadrupole (l=2) mode frequencies were visually identified, whereas
the locations of dipole (l=1) mixed modes were predicted by adjusting the parameters in the asymptotic expression (Mosser et al. 2012)
until satisfactory agreement was obtained visually. They are represented by blue circles, red squares and green triangles, respectively.
The inset shows the power spectrum of the power spectrum (PSPS), computed for the region around νmax.

and g-mode behaviour. Ultimately this leads to significant
departures from the near-regular spacing in the oscillation
spectrum. In contrast with p modes, high-order, low-degree
g modes are nearly uniformly spaced in period, not in fre-
quency. The observed period spacing of l = 1 mixed modes
will be significantly smaller than the underlying asymptotic
g-mode period spacing, ∆Π1, as a result of mode bumping.
However, provided that a sufficient number of mixed modes
are observed, the value of ∆Π1 may be inferred. Stars on
the subgiant branch display a strong dependence of ∆Π1

on stellar mass (but also on rotation and convective-core
overshooting; e.g., Benomar et al. 2012; Hjørringgaard et al.
2016; Lagarde et al. 2016), thus making this quantity par-
ticularly useful in the estimation of mass.

HD 212771 was observed by K2 in short-cadence mode
(with cadence ∆t ∼ 58.85 s) during its Campaign 3 (C3) as
part of Guest Observer Programme GO3025 (PI: Johnson),
spanning a total of approximately 69.2 days. Although C3
had a nominal duration of 80 days, the campaign ended ear-
lier than expected because the on-board storage filled up
faster than anticipated due to unusually poor data com-
pression4. We used the k2p

2 pipeline (Lund et al. 2015) —
taking the reprocessed short-cadence target pixel data from
Data Release 10 as input — to prepare a light curve for as-
teroseismic analysis, after which additional corrections were
made using the filtering described by Handberg & Lund
(2014). A least-squares sine-wave-fitting method was then

4 https://keplerscience.arc.nasa.gov/k2-data-release-notes.html#k2-campaign-3

used to compute the rms-scaled power spectrum of the light
curve.

The global asteroseismic parameters ∆ν and νmax were
measured based on the analysis of the above power spec-
trum. Figure 1 shows the background-corrected power spec-
trum over the frequency range occupied by the oscillations.
The inset shows the power spectrum of the power spectrum
(PSPS), computed for the region around νmax. The promi-
nent peak in the PSPS lies at ∆ν/2, a clear signature of the
near-regular spacing in the oscillation spectrum. A comple-
mentary range of well-tested automated methods was used in
the analysis, which had previously been extensively applied
to data from the nominal Kepler mission (e.g., Huber et al.
2009; Campante et al. 2010; Hekker et al. 2010; Campante
2012; Davies & Miglio 2016). We adopted the values of ∆ν
and νmax returned by the method described in Huber et al.
(2009), with final uncertainties recalculated by adding in
quadrature the corresponding formal uncertainty and the
standard deviation of the parameter estimates given by all
methods. The consolidated values are then ∆ν=16.5±0.3µHz
and νmax=231±3µHz, i.e., to better than 2 per cent precision
in both parameters (cf. Hekker et al. 2011; Davies & Miglio
2016). Although a measurement of ∆Π1 has been attempted,
the small number of observed mixed modes per radial order
hindered estimation of a precise asymptotic g-mode period
spacing.

MNRAS 000, 1–10 (2016)
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3 ESTIMATION OF FUNDAMENTAL

STELLAR PROPERTIES

Fundamental stellar properties can be estimated by com-
paring global asteroseismic parameters and complemen-
tary spectroscopic data to the outputs of stellar evo-
lutionary models. This is often done following a grid-
based approach, whereby observables are matched to
well-sampled grids of stellar evolutionary tracks (e.g.,
Stello et al. 2009; Basu et al. 2010, 2012; Chaplin et al.
2011; Creevey et al. 2012). Here, we employ the Bayesian
code param (da Silva et al. 2006; Rodrigues et al. 2014,
2017). Based on a given set of observables, the code first
computes the probability density functions (PDFs) for the
stellar mass, M, radius, R, age, t, surface gravity, log g, and
mean density, log(ρ/ρ⊙), as well as for the absolute magni-
tudes in a number of widely used bandpasses. In a second
step, the code combines apparent and absolute magnitudes
to derive the distance to the star, d. We note that, in the
latest version of param (Rodrigues et al. 2017), ∆ν is not
assumed to follow a simple scaling relation with 〈ρ〉1/2, but
instead it is based on theoretical radial-mode frequencies
computed for the models in the grid.

The underlying grid of stellar evolutionary tracks on
which this latest version of param runs has been com-
puted using the Modules for Experiments in Stellar As-
trophysics (mesa; Paxton et al. 2011, 2013) evolution code.
The relevant input physics is summarised next (see also
Rodrigues et al. 2017): The Grevesse & Noels (1993) heavy
elements partition was adopted. The opal equation of state
(Rogers & Nayfonov 2002) and opacities (Iglesias & Rogers
1996) were used, complemented at low temperatures by
opacities from Ferguson et al. (2005). Nuclear reaction rates
were obtained from tables provided by the NACRE collab-
oration (Angulo et al. 1999). The atmosphere model follows
Krishna Swamy (1966). The mixing length theory was used
to describe convection (a solar-calibrated parameter αMLT=

1.9657 was adopted). Overshooting was included during the
core-convective burning phases according to the Maeder
(1975) step function scheme. The extent of convective-core
overshooting during the main sequence was taken as αov =
0.2 Hp , where Hp is the pressure scale height (i.e., the radial
distance over which the pressure changes by a factor of e) at
the boundary of the convective core. No diffusion, mass loss
or effects of rotational mixing have been included.

The primary set of observables consists of
{[m/H],Teff,∆ν, νmax, L}, where [m/H] is the overall
metallicity and L is the stellar luminosity. A parallax-based
luminosity (see below) is used here as an additional inde-
pendent constraint. Given the modest α enhancement (see
Sect. 2.1), we therefore assume [m/H] ≈ [Fe/H]. Further-
more, contributions of 0.062 dex in [m/H] and 59 K in Teff

were added in quadrature to the formal uncertainties to
account for systematic differences between spectroscopic
methods (Torres et al. 2012), producing [m/H]=−0.10±0.12

and Teff=5065 ± 95 K. The stellar luminosity was calculated
via the parallax, π = 8.95 ± 0.23 mas, given in5 Gaia Data
Release 1 (Gaia DR1; Lindegren et al. 2016) using the

5 Gaia DR1 incorporates earlier positional information through
the Tycho-Gaia astrometric solution (TGAS; Michalik et al.
2015). We note that a systematic component of 0.3mas was added
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Figure 2. Hertzsprung–Russell diagram showing observational
constraints used in the estimation of fundamental stellar prop-
erties for HD 212771. Stellar evolutionary tracks spanning the
mass range 1.20–1.65M⊙ (in steps of 0.01M⊙) were computed
using mesa for a fixed metallicity ([Fe/H]=−0.10) and are shown
as solid green lines. Contours of constant stellar radius are repre-
sented by dashed lines. Coloured bands represent the 1-σ obser-
vational constraints on ∆ν, νmax and log gspec, whilst 1-σ lower
and upper bounds on Teff, and on both the Gaia DR1 (‘TGAS’)
and Hipparcos (‘Hip’) parallax-based luminosities are indicated
by different line styles/colours. The yellow-shaded box represents
the 68 % Bayesian credible region for stellar mass and radius cor-
responding to the reference solution (see Table 2).

following relation from Pijpers (2003):

log(L/L⊙) = 4.0 + 0.4Mbol,⊙ − 2.0 log π[mas]

− 0.4(V − AV + BCV ) , (1)

where we have adopted Mbol,⊙ = 4.73 mag (Torres 2010)
for the solar bolometric magnitude, AV = 0.11 ± 0.02 mag
is the extinction in the V band and BCV = −0.28 mag is
the bolometric correction from the Flower (1996) polyno-
mials presented in Torres (2010), which use Teff as input.
The extinction was estimated using the stellar coordinates
and parallax as input to the code mwdust

6 (Bovy et al.
2016), for which we adopted the Green et al. (2015) dust
map. A value of the luminosity based on the Hipparcos

parallax (π = 7.63 ± 0.80 mas; van Leeuwen 2007) was also

to the formal parallax uncertainty (Gaia Collaboration et al.

2016) prior to its use in Eq. (1).
6 https://github.com/jobovy/mwdust

MNRAS 000, 1–10 (2016)
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calculated and param run for a second time (now using
AV = 0.15 ± 0.01 mag). Finally, in order to derive the dis-
tance to the star, we also made use of the SDSS griz and
2MASS JHKs apparent magnitudes as provided in the K2
Ecliptic Plane Input Catalog (EPIC; Huber et al. 2016).

The H–R diagram in Fig. 2 shows the several observa-
tional constraints used in the analysis (as well as that cor-
responding to log gspec) plotted atop a sequence of stellar
evolutionary tracks of fixed metallicity. This figure serves to
illustrate the constraining power gained — and consequent
reduction in model degeneracy — when using ∆ν and νmax

in addition to the use of classical spectroscopic constraints
and a parallax-based luminosity. We note that while the
Gaia DR1 parallax-based luminosity is consistent (at the
1-σ level) with the constraints imposed by asteroseismol-
ogy, the same is not true with the Hipparcos parallax-based
luminosity.

Figure 3 shows the output of our analysis as a series of
violin plots (see also Table 2). These plots show the outcome
of using either theGaia DR1 or Hipparcos parallax-based lu-
minosities as input to param. Despite the discrepant (at the
1-σ level) luminosity constraints (see Fig. 2), both solutions
lead to consistent PDFs for the stellar properties, an indica-
tion that the output produced by param is being dominated
by the asteroseismic constraints. Moreover, the derived dis-
tances, obtained by combining apparent and absolute mag-
nitudes, are consistent with the Gaia DR1 parallax-based
distance (see bottom rightmost panel of Fig. 3). Therefore,
we henceforth adopt as the reference solution the set of fun-
damental stellar properties obtained using the Gaia DR1
parallax-based luminosity as input to param.

The derived log g is lower than log gspec (though still
consistent at the 1-σ level given the large uncertainty af-
fecting the latter value) and the median literature value
(see Sect. 2.1). Spectroscopic log g values tend to be sys-
tematically higher than asteroseismic values for red giants,
as demonstrated for field red giants with APOGEE H-
band spectra (Pinsonneault et al. 2014) and for evolved Ke-

pler exoplanet-host stars with optical high-resolution spec-
tra (Huber et al. 2013). Such an offset, which is largely
dependent on the stellar evolutionary state, as well as
on stellar mass in the case of low-luminosity red giants,
is believed to be inherent to the spectroscopic analysis
(Masseron & Hawkins 2017).

Furthermore, the reference asteroseismic mass7

(1.45+0.10
−0.09

M⊙ ; see Table 2) places HD 212771 in the
retired A star category (its main-sequence progenitor was
likely an early F-type star). This mass is consistent with
spectroscopy-based masses found in the literature, namely,
those derived by8 Mortier et al. (2013) (1.51± 0.08M⊙) and

7 The (model-independent) mass obtained from asteroseismic
scaling relations (1.54 ± 0.06 M⊙) is consistent with the reference
asteroseismic mass at the 1-σ level. A correction to the ∆ν scal-
ing relation, which can amount to as much as 2 per cent (i.e.,
f∆ν <

∼ 1.02) for the current mass, evolutionary state and chemi-
cal composition (e.g., Sharma et al. 2016; Rodrigues et al. 2017),
translating into a correction f −4

∆ν
>
∼ 0.92 to the stellar mass from

scaling relations, would only bring it closer to the reference aster-
oseismic value.
8 Note that Mortier et al. (2013) give preference to stellar masses
derived using the TS13–SO08 line list (their table 5).

Jofré et al. (2015) (1.60±0.13M⊙), while being significantly
higher than the value reported in the discovery paper
(1.15 ± 0.08 M⊙ ; Johnson et al. 2010a).

We tested the robustness of the reference asteroseismic
mass by evaluating the impact that different input physics
has on its estimation. Varying the convective-core overshoot-
ing parameter (i.e., αov= {0, 0.1 Hp, 0.2 Hp}) in the underly-
ing mesa grid led to no significant variation of the estimated
asteroseismic mass. This parameter is especially relevant,
as stars in the mass range under study develop convective
cores while on the main sequence (i.e., for M >∼ 1.1M⊙ at so-
lar metallicity). Alternatively, we used an earlier version of
param (Rodrigues et al. 2014) that runs on a grid of stel-
lar evolutionary tracks computed using the PAdova & TRi-
este Stellar Evolution Code (parsec; Bressan et al. 2012).
In particular, the prescription for convective-core overshoot-
ing on the main sequence implemented in parsec differs
from that in mesa in that αov increases with stellar mass,
as opposed to being set to a fixed fraction of Hp (a detailed
comparison between the input physics in both grids can be
found in Bossini et al. 2015). Again, we saw no significant
variation of the estimated asteroseismic mass.

The fact that the reference asteroseismic mass signifi-
cantly differs from the value reported in the discovery paper,
which has been used to inform the stellar mass-planet occur-
rence relation, is nonetheless a reason for concern. To delve
into the possible cause(s) for this discrepancy, we decided
to remove the asteroseismic constraints altogether — thus
using only classical spectroscopic constraints and a parallax-
based luminosity in our analysis (i.e., {[m/H],Teff, L}) — and
assess how susceptible a spectroscopy-based mass is to differ-
ent input physics. Use of the reference mesa grid (i.e., with
αov = 0.2 Hp) leads to a mass estimate (1.41+0.17

−0.21
M⊙) con-

sistent with the reference asteroseismic value. Notice, how-
ever, the appreciable loss in relative precision of the esti-
mated mass as a result of the lack of asteroseismic infor-
mation (cf. Rodrigues et al. 2017). Moreover, no significant
variation of the estimated mass is seen when varying αov in
the underlying mesa grid. Use of the parsec grid9, on the
other hand, leads to a mass estimate (1.26+0.13

−0.16
M⊙) that, al-

though marginally compatible with the reference asteroseis-
mic value, is now fully consistent with the value reported
in the discovery paper. The change in the mass estimate
comes from a subtle combination of the various differences
in input physics between mesa and parsec, and cannot
be attributed solely to a different treatment of convective-
core overshooting. We further tested the robustness of the
spectroscopy-based mass by evaluating the impact of poten-
tial biases in the spectroscopic parameters while adopting
fixed input physics (the reference mesa grid was used). This
was done by artificially introducing small biases (of magni-
tude 1σ) in the observables [m/H] and Teff, having perturbed
one property at a time. The impact of using deflated uncer-
tainties on these observables was then also tested (e.g., for
the metallicity, an uncertainty of 0.03dex, as provided in the
discovery paper, was used). As with the input physics, the

9 Incidentally, the treatment of convective-core overshooting im-
plemented in parsec is similar to that adopted in the y

2 tracks
(Demarque et al. 2004) used to derive stellar properties in the
discovery paper (i.e., αov increases with stellar mass).
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Figure 3. Probability density functions of the fundamental stellar properties obtained using param. These are displayed as a series of
violin plots, with a rotated kernel density estimate of the PDF (or PDFs in this case) on each side. Here, we plot the PDFs obtained
when considering either the Gaia DR1 or Hipparcos parallax-based luminosities as input. The corresponding median and 68 % Bayesian
credible region are shown under the PDFs. The Gaia DR1 and Hipparcos parallax-based distances (i.e., 1/π[arcsec]) are indicated in the
bottom rightmost panel as horizontal lines.

Table 2. Fundamental stellar properties (using either the Gaia
DR1 or Hipparcos parallax-based luminosities as input to param).

Parametera Valueb (Gaia) Value (Hipparcos)

M [M⊙] 1.45
+0.10 (0.18)

−0.09 (0.18)
1.50

+0.10 (0.23)

−0.11 (0.21)

L [L⊙] 12.7 ± 1.6 18.1 ± 3.8

R [R⊙] 4.55
+0.14 (0.26)

−0.13 (0.26)
4.62

+0.14 (0.31)

−0.15 (0.30)

t [Gyr] 2.52
+0.69 (1.56)

−0.52 (0.86)
2.18

+0.70 (1.63)

−0.45 (0.80)

log g [cgs] 3.267
+0.006 (0.012)

−0.006 (0.013)
3.268

+0.006 (0.012)

−0.006 (0.013)

log(ρ/ρ⊙) −1.831
+0.012 (0.024)

−0.012 (0.024)
−1.837

+0.013 (0.026)

−0.013 (0.027)

d [pc] 111.3
+2.8 (5.7)

−2.8 (5.6)
113.2

+3.3 (6.4)

−3.2 (6.3)

a The 68 % (95 %) Bayesian credible region is given outside
(inside) brackets. For L, the 1-σ error is given.
b Adopted as the reference solution.

introduction of a bias in metallicity (coupled to an underes-
timation of its uncertainty) can lead to noticeable excursions
of the estimated mass.

4 POST-MAIN-SEQUENCE PLANETARY

SYSTEM EVOLUTION

Implications for the fates of planetary systems are sensitively
dependent on stellar mass because that determines (i) the
spatial extent within which all planetary material will be
engulfed through tides, (ii) the possibility of gravitational
scattering amongst the surviving bodies due to the amount

of stellar mass lost, and (iii) the capability of the star’s lu-
minosity to break up sub-planet-sized objects in asteroid-
belt and Kuiper-belt analogues through rotational fission.
All these components dictate the planetary system architec-
ture around the eventual white dwarf (Veras 2016).

The current population of white dwarfs in fact primarily
arises from A-star progenitors (Tremblay et al. 2016), which
highlights the importance of accurately determining their
masses during the subgiant/giant branch for determining the
fate of planetary systems (Veras et al. 2017). Based on the
reference asteroseismic mass derived in the previous section,
we go on in this section to predict the evolution of the Jovian
planet orbiting HD 212771 under the effects of tidal forces
and stellar mass loss.

We performed a simulation of the future evolution of
HD 212771 by assuming M = 1.45M⊙ and metallicity Z =

0.01 through the use of the sse code (Hurley et al. 2000).
HD 212771 will achieve its maximum radius of 1.32 au at
1.28 Myr into the asymptotic-giant-branch phase. At this
time, the star will have lost 0.61M⊙ of its mass. The star
will then continue to lose another 0.25M⊙ to achieve a final
white dwarf mass of 0.59M⊙ . Although mass loss pushes the
planet outward, this process competes with tides induced on
the planet by the star. The outcome is dependent on both
the planet’s orbital and physical properties. We estimate
that the planet has a semimajor axis a ∼ 1.15 au from our
knowledge of its orbital period and minimummass, as well as
the stellar mass from asteroseismology. Given an estimate of
HD 212771 b’s eccentricity (e= 0.11; Johnson et al. 2010a),
its pericentre is then about 1.02 au.

These orbital and physical properties ultimately im-
ply that the planet will not survive the star’s post-main-
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sequence evolution and be engulfed as the star ascends the
asymptotic giant branch. The planet’s semimajor axis dic-
tates that its orbit will expand adiabatically, with a semi-
major axis increase proportional to stellar mass loss de-
crease and no change in eccentricity (Veras et al. 2011).
Hence, at the time of maximum radial extent, the planet
will have been pushed out to a supposedly safe dis-
tance of 1.63 au. However, tidal effects extend beyond
the reach of the stellar surface, a fact not appreciated
by some earlier studies (Sackmann et al. 1993). This ex-
tra reach is not trivially computed along the asymptotic
giant branch and is dependent on many assumptions, in-
cluding the frequency and magnitude of thermal pulses,
and stellar spin (Mustill & Villaver 2012; Adams & Bloch
2013; Nordhaus & Spiegel 2013). The top panel of fig. 2 of
Mustill & Villaver (2012) demonstrates that HD 212771 b
has no chance of surviving: Jupiter-like planets are much
more strongly affected by tidal interactions with asymptotic-
giant-branch stars than Earth-like planets (bottom panel
of that same figure). However, even if HD 212771 b was
an Earth-like planet, that figure illustrates that the planet
would be unlikely to survive. Once tides dominate over mass
loss, the actual inspiral timescale will be very short, on the
order of decades (Staff et al. 2016).

5 DISCUSSION

Lloyd (2011) hypothesised that the masses of subgiant and
low-luminosity red-giant stars targeted by Doppler-based
planet surveys — typically derived from a combination of
spectroscopy and isochrone fitting — may be systematically
overestimated. In this study we tested this hypothesis for
the particular case of the exoplanet-host star HD 212771,
for which asteroseismology with K2 has recently been made
possible.

Stringent tests of the accuracy of asteroseismic masses
of stars in similar evolutionary states to HD 212771 have
shown no evidence of systematic offsets (e.g., Miglio et al.
2016; Sharma et al. 2016; Stello et al. 2016, and references
therein). Crucially, such tests employ stellar-model-based
corrections to the ∆ν scaling relation. The use of astero-
seismic scaling relations at face value is, on the other hand,
expected to lead to systematic offsets of about 10 per cent in
the determination of mass, as shown, e.g., by Miglio et al.
(2016) and Sharma et al. (2016), and with higher signifi-
cance by Gaulme et al. (2016). We estimated the mass of
HD 212771 through a grid-based modelling approach that
uses global asteroseismic parameters, complementary spec-
troscopic data and a parallax-based luminosity as input. Im-
portantly, the mass of HD 212771 was estimated by compar-
ing the observed ∆ν to a value computed from theoretical
radial-mode frequencies and not from asteroseismic scaling
relations (see Sect. 3).

The reference asteroseismic mass (1.45+0.10
−0.09

M⊙ ; see Ta-
ble 2) is consistent with spectroscopy-based masses found in
the literature, namely, those derived by Mortier et al. (2013)
(1.51±0.08M⊙) and Jofré et al. (2015) (1.60±0.13M⊙). This
estimate is nonetheless significantly higher than the value re-
ported in the discovery paper (1.15±0.08M⊙ ; Johnson et al.
2010a), which has been used to inform the stellar mass-
planet occurrence relation. Having established the robust-

ness of the reference asteroseismic mass in Sect. 3, we at-
tribute this discrepancy to the susceptibility of spectroscopy-
based estimates to different input physics and to potential
biases in metallicity (coupled to an underestimation of its
uncertainty).

The newly derived stellar mass from asteroseismology
hence places HD 212771 in the retired A star category. Fur-
thermore, this result does not lend support to the hypothesis
put forward by Lloyd (2011). If this were to be systematic,
i.e., if the masses of evolved stars targeted by Doppler-based
planet surveys were instead being underestimated, then the
stellar mass-planet occurrence relation would turn out to
be less steep than currently thought. An alternative inter-
pretation, however, has to do with the notion that the un-
certainties on the masses of retired A stars found in the
literature are being significantly underestimated (as a result
of the underestimation of the uncertainties on spectroscopic
parameters). Schlaufman & Winn (2013) showed that the
large Galactic space motions of subgiant host stars require
that on average their masses be similar to those of main-
sequence F- and G-type hosts. Therefore, if the masses of
retired A stars were to be characterised by a scatter a few
times the nominal mass uncertainty (even in the absence of
a systematic bias), there could be enough contamination in
the sample from low-mass stars to explain the larger-than-
expected space motions of subgiant host stars. Presently, as-
teroseismic masses are available for only two subgiant/low-
luminosity red-giant stars targeted by Doppler-based planet
surveys. Besides HD 212771 (this work), for which there
is a 3.8-σ discrepancy between the discovery mass and
the asteroseismic mass, the mass of the (non-host) retired
A star HD 185351 (1.87 ± 0.07 M⊙ ; Johnson et al. 2014)
is 4.1-σ higher than its asteroseismic mass (1.58+0.04

−0.02
M⊙ ;

Hjørringgaard et al. 2016). Note that the asteroseismic mass
is the lower of the two values in the latter case. This might
thus be hinting at a level of scatter that is a few times the
nominal mass uncertainty.

To be in a position to draw more definitive conclusions,
a study is underway of an ensemble of retired A stars with
Kepler/K2 asteroseismology that have previously been tar-
geted by Doppler-based planet surveys (T. S. H. North et al.,
in prep.). This ensemble will be greatly expanded once aster-
oseismology with the Transiting Exoplanet Survey Satellite

(TESS ; Ricker et al. 2015) becomes available, as subgiant
and low-luminosity red-giant stars will make up a signifi-
cant fraction of the core asteroseismic targets of that mission
(Campante et al. 2016b).
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Gentile-Fusillo N., Raddi R., 2016, MNRAS, 461, 2100
Ulrich R. K., 1986, ApJ, 306, L37
Veras D., 2016, Royal Society Open Science, 3, 150571
Veras D., Wyatt M. C., Mustill A. J., Bonsor A., Eldridge J. J.,

2011, MNRAS, 417, 2104
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