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ABSTRACT
The new photometric data on pulsating Ap star HD 27463 obtained recently with the Transiting
Exoplanet Survey Satellite (TESS) are analysed to search for variability. Our analysis shows
that HD 27463 exhibits two types of photometric variability. The low frequency variability
with the period P = 2.834274 ± 0.000008 d can be explained in terms of axial stellar rotation
assuming the oblique magnetic rotator model and presence of surface abundance/brightness
spots, while the detected high-frequency variations are characteristics of δ Scuti pulsations.
From the analysis of Balmer line profiles visible in two FEROS spectra of HD 27463 we have
derived its effective temperature and surface gravity, finding values that are close to those
published for this star in the TESS Input Catalogue (TIC). Knowing the rotation period and
the vsin i value estimated from the fitting of Balmer line profiles we found that the rotational
axis is inclined to the line of sight with an angle of i = 33±8deg. Our best-fitting model of the
observed pulsation modes results in an overshoot parameter value fov = 0.014 and values of
global stellar parameters that are in good agreement with the data reported in the TIC and with
the data derived from fitting Balmer line profiles. This model indicates an age of 5.0 ± 0.4
×108 yrs, which corresponds to a core hydrogen fraction of 0.33.

Key words: stars: magnetic field – stars: rotation – stars: oscillations – stars: fundamental
parameters – stars: chemically peculiar – stars: individual: HD 27463

1 INTRODUCTION

Ever since a strong peculiarity was discovered in the Si ii doublet of
the archetypal star α2 CVn (Maury & Pickering 1897), chemically
peculiar stars have been the subject of numerous studies. In partic-
ular, Ap stars (classified as ‘CP2’ in contrast to Am, HgMn or He
stars) are known to exhibit periodic brightness variations generally
understood to be associated with rotation taking into account that
in these stars, strong magnetic fields (Babcock 1958) lead to the
creation of surface abundance patches.

A subset of Ap stars lies within the δ Scuti instability strip.
Accordingly, high-frequency pulsations have been discovered in a
number of Ap stars, starting with Przybylski’s star (HD 101065;
Kurtz 1978). Dedicated surveys have revealed a few rapidly os-

cillating Ap (or ‘roAp’) stars, but were limited to relatively high-
amplitude pulsations since they were carried out using ground-
based observations. However, ground-based surveys and the advent
of high-precision spaced-based photometry have enabled the dis-
covery and detailed study of new Ap pulsators (e.g. HD 24355;
Holdsworth et al. 2014, 2016) and the revisiting of known pulsators
(e.g. HD 137949; Kurtz 1982; Holdsworth et al. 2018).

The Transiting Exoplanet Survey Satellite (TESS) was
launched by NASA on 2018 April 18 with the purpose of detect-
ing exoplanets using the transit method (Ricker et al. 2015). Over
the course of its 2-yr nominal mission, it will cover most of the
sky in 26 sectors with its four wide-field cameras, each covering
24×24deg. Each sector is observed for ∼27 d, and sectors in each
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ecliptic hemisphere overlap near the poles. Therefore stars observed
by TESS will have temporal baselines between 27 d and about a year.
All fields are observed with a 30-minute cadence (in full-frame im-
ages, or FFIs) but a subset (> 200,000) of stars has been selected
for short-cadence (2 min) observations, forming the candidate tar-
get list (CTL; Stassun et al. 2018, 2019). With such a temporal
baseline and cadence, TESS not only represents a formidable asset
for exoplanetary detection, but can also be leveraged very prof-
itably for asteroseismology (e.g. Campante et al. 2016). As such,
this mission represents a tremendous opportunity to not only sig-
nificantly increase the sample size of known pulsating Ap stars (see
e.g. Cunha et al. 2019), but also, given the exquisite data quality, to
perform a detailed characterization of specific objects of interest.

The chemically peculiar (CP) star HD 27463 (TT Ret,
HIP 19917, Renson 7050, TIC 38586082) is known as an α2

CVn type variable with spectral type Ap EuCr(Sr) (Houk & Cowley
1975). Photometric variability of this star with a period of P =
2.835 days has been reported in the Hipparcos and Tycho catalogues
(ESA 1997) and confirmed by Renson & Catalano (2001).

HD 27463 is a long period (∼370 yr) visual binary with a
separation of ∼0.3 arcsec and a magnitude difference between the
Ap primary and the secondary of about 0.43 in the V band (e.g.
Baize & Petit 1989 and references therein) and 0.9 in the Strömgren
y band (Hartkopf et al. 2012). Taking into account the observed
small angular separation between the two components, they both
contribute to the flux detected by TESS.

Previous surveys designed to detect high-frequency pulsations
did not yield any detection in this star (Martinez & Kurtz 1994;
Joshi et al. 2016). However, using TESS data, Cunha et al. (2019)
and Sikora et al. (2019) have classified HD 27463 as a suspected
new δ Scuti variable. Therefore, in this study, we set out to perform
a more involved investigation of this star’s TESS photometry, in
conjunction with high-resolution spectroscopy. This study is carried
out as part of the MOBSTER project, an analysis of magnetic O, B
and A stars using TESS light curves (David-Uraz et al. 2019), and of
the VeSElkA project, a search for CP stars with vertical stratification
of elemental abundance (Khalack & LeBlanc 2015a,b).

The photometric and spectral observations and the respective
reduction procedures are described in Section 2. The use of auto-
matic software to analyse the light curves is considered in Section 3.
Comparison of the fundamental stellar parameters derived from the
analysis of Balmer line profiles and from the simulation of stel-
lar pulsations are shown in Section 4. The discussion follows in
Section 5.

2 OBSERVATIONS AND DATA REDUCTION

HD 27463 has been observed by TESS in Sectors 1–5 in the frame
of the TESS guest program Rotationally-Induced Variability Of
Chemically Peculiar (CP) Stars (Ricker & Vanderspek 2018). The
TESS data products have been reduced employing the spoc pipeline
(Jenkins et al. 2016), which is based on the Kepler Science Pro-
cessing Pipeline. The light curves and the associated data listed in
the TESS Input Catalogue (TIC1) have been downloaded via the
Mikulski Archive for Space Telescopes (MAST2) and are publicly
available. The extracted time series of flux measurements taken at
different Barycentric Julian Dates (BJD) were transformed to units

1 https://archive.stsci.edu/tess/tic_ctl.html
2 http://archive.stsci.edu/tess/all products.html
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Figure 1. Examples of the detrended light curves obtained by TESS for
HD 27463 in Sectors 1-5 (from top to bottom).

of stellar magnitude. The light curves have been normalised to a
mean of zero (see Figs. 1, 2).

To accurately determine the rotation period and the pulsa-
tion mode frequencies of HD 27463, we further detrended the 2-
min TESS light curve following the methodology of Bowman et al.
(2018). We fitted a periodic rotational modulation model compris-
ing multiple harmonics of the rotation frequency, νrot = 0.352824±
0.000001 d−1, to the light curve using non-linear least-squares. We
subsequently subtracted this preliminary fit and modelled the resid-
uals using a locally weighted scatterplot smoothing (LoWeSS) filter
(Cleveland 1979; Seabold & Perktold 2010). To create our final de-
trended light curve, we subtracted the modelled residuals from the
original light curve. This ensures that a high-quality light curve is
used for the determination of a rotation period and for the extrac-
tion of pulsation mode frequencies, since the long-term trends and
instrumental systematics have been removed.

MNRAS 000, 1–9 (2019)
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Figure 2. Part of the light curve obtained with TESS for HD 27463 over
a time span of 1 day in Sector 1. The observed long-term variability is
related to the stellar rotation (see Fig. 1). Stellar pulsations with frequencies
expected from a δ Scuti variable and beating of close pulsation frequencies
are clearly visible (see also the lower panel in Fig. 3).

HD 27463 was observed twice in 2008 with the FEROS spec-
trograph installed on the 2.2-m Max Planck Gesellschaft/European
Southern Observatory (MPG/ESO) telescope in La Silla. The
FEROS spectrograph provides high-resolution spectra with R∼
48000 in the spectral region from 3600 to 9200 Å (Kaufer et al.
1999). Two available spectra of HD 27463 were reduced with the
ESO automatic reduction pipeline employing the barycentric ve-
locity correction. The spectra are public and have been downloaded
from the ESO archive3. To carry out analysis of Balmer line profiles
we have used non-normalized spectra (see Section 4) and therefore
no additional reduction procedure has been applied to the down-
loaded data.

3 PHOTOMETRIC ANALYSIS

To carry out the analysis of TESS light curve we have developed
an automatic software (several scripts and codes including the code
period04) that treats time series, performs periodic analysis, and ex-
tracts additional data for a studied star from the public astronomical
databases (TIC, SIMBAD, GALAH). The software creates images
and a list of identified periodicities, and stores all the information
in a final report.

The code period04 (version 1.2.9) developed by
Lenz & Breger (2005) has been specially designed to carry
out a statistical analysis of large astronomical data sets with signifi-
cant gaps and is a powerful tool for the identification and evaluation
of periodic signals in long time series of stellar flux measurements.
It has been recently modified by one of us (PL) to work in the
batch mode such that it can be launched automatically from a
script with a list of specified parameters. The significant peaks in
the TESS light curve of HD 27463 have been extracted using the
standard procedure of iterative pre-whitening and optimised using a
multi-frequency least-squares fit procedure (Lenz & Breger 2005).
This analysis yielded the detection of multiple frequencies with
amplitudes having a significant signal-to-noise ratio. Significant
peaks are defined as those with an amplitude larger than four times
the level of noise remaining after pre-whitening the signal at each
studied frequency.

Finally, the combined light curve was fitted taking into account
all detected frequencies using the least-squares procedure and the
obtained frequencies, amplitudes and phases are shown respectively

3 http://archive.eso.org/wdb/wdb/adp/phase3_spectral/query
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Figure 3. Examples of amplitude spectra derived from the analysis of
HD 27463’s light curve at the low (upper panel) and high (bottom panel)
frequencies. Variability at the low frequencies is related to rotation of the
star, while signals detected at the high frequencies are due to stellar pulsa-
tions. Vertical lines mark the derived frequencies and their amplitudes for
the detected periodic signals (see Table 1).

Table 1. Characteristics of the periodic signals detected in the light curve
of HD 27463 combined from the photometric measurements in the TESS
sectors 1-5.

Frequency Amplitude Phase S
/

N Modes
d−1 mmag rad/2π n

νrot 0.352824±0.000001 13.596± 0.006 0.9359±0.0001 29.1
2νrot 0.705639±0.000006 2.573± 0.007 0.0895±0.0004 6.6

43.409828±0.000094 0.157± 0.007 0.9349±0.0279 14.5 12
44.356363±0.000223 0.066± 0.013 0.9012±0.0557 6.3
46.318147±0.000096 0.153± 0.007 0.8000±0.0065 14.2
46.456655±0.000235 0.062± 0.006 0.6032±0.0175 5.8
47.667615±0.000181 0.081± 0.006 0.7426±0.0127 7.6
48.238558±0.000322 0.046± 0.007 0.4482±0.0228 4.1
49.433689±0.000030 0.491± 0.008 0.3511±0.0022 29.4
50.002473±0.000149 0.098± 0.006 0.8432±0.0115 5.9 14
50.999734±0.000177 0.083± 0.007 0.7933±0.0123 8.1
51.215952±0.000226 0.065± 0.006 0.6727±0.0147 6.6
52.672629±0.000043 0.343± 0.006 0.1683±0.0032 18.9
53.012605±0.000059 0.248± 0.006 0.4302±0.0048 14.0
53.173059±0.000051 0.286± 0.006 0.0920±0.0038 16.0
54.333293±0.000105 0.140± 0.007 0.4882±0.0067 13.7
55.076921±0.000137 0.107± 0.007 0.7837±0.0089 9.7
56.332132±0.000057 0.258± 0.006 0.8862±0.0046 12.2
56.337529±0.000080 0.183± 0.007 0.6321±0.0054 8.6
56.383938±0.000092 0.160± 0.007 0.6144±0.0060 7.6
56.700889±0.000030 0.491± 0.007 0.9475±0.0021 23.3 16
59.709581±0.000095 0.155± 0.006 0.4958±0.0066 9.4
59.741600±0.000033 0.442± 0.012 0.2427±0.0043 26.7
59.746637±0.000155 0.095± 0.013 0.4808±0.0097 5.7
59.815711±0.000114 0.129± 0.007 0.7050±0.0076 7.8
63.180209±0.000074 0.199± 0.009 0.5228±0.0058 12.8 18
63.290656±0.000035 0.420± 0.007 0.7557±0.0025 26.9
66.696167±0.000283 0.052± 0.007 0.9038±0.0236 6.5

MNRAS 000, 1–9 (2019)



4 Khalack et al.

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

Hγ

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

Hγ

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

Hγ
Hδ

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

Hγ
Hδ

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

Hγ
Hδ

Hε

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

Hγ
Hδ

Hε

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

Hγ
Hδ

Hε

H8

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

Hγ
Hδ

Hε

H8

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

Hγ
Hδ

Hε

H8

H9

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

Hγ
Hδ

Hε

H8

H9

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

Hγ
Hδ

Hε

H8

H9

H10

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

Hγ
Hδ

Hε

H8

H9

H10

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

Hγ
Hδ

Hε

H8

H9

H10

H11

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

Hγ
Hδ

Hε

H8

H9

H10

H11

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

Hγ
Hδ

Hε

H8

H9

H10

H11

H12

 0

 1

 2

 3

 4

 5

-100 -50  0  50  100

R
el

at
iv

e 
flu

x

∆λ, A

Hβ

Hγ
Hδ

Hε

H8

H9

H10

H11

H12

Figure 4. An example of fitting the observed Balmer line profiles (thick
red line) of HD 27463 with a synthetic spectrum (thin dotted line) that
corresponds to Teff = 8700 ± 100 K, logg = 3.9 ± 0.1, [M/H]= 0.3 ± 0.1 (χ2

= 1.081). The best fit is obtained for the radial velocity vr = 22 ± 2 km s−1

and vsin i = 27 ± 2 km s−1 (see Table 2). The observed Balmer line profiles
are shifted by 0.5 for visibility.

in the first, second and third columns of Table 1. The presented un-
certainties are the largest ones obtained from the error matrix pro-
duced by the Levenberg-Marquardt non-linear least-squares fitting
procedure and from a Monte Carlo simulation of a signal with the
detected frequencies (Lenz & Breger 2005). They do not take into
account the estimation errors reported for the flux measurements4.
Using this approach, the uncorrelated uncertainties for the frequency
and the phase have been derived (Montgomery & O’Donoghue
1999). The 4th column of Table 1 contains the signal-to-noise ratio
calculated for each mode at the derived frequency based on the sim-
ulation of white noise using the dispersion of residual data left after
the pre-whitening procedure (Lenz & Breger 2005). Meanwhile the
5th column of Table 1 specifies the radial order of ell = 0.

4 Consideration of the observation errors during the Fourier analysis reveals
no significant changes in the derived estimates of frequency or amplitude
of the detected signals. Meanwhile it leads to changes of the best fitted
phase derived for the weak signals and increases by an order of magnitude
the errors obtained from the Monte Carlo simulation for the estimates of
frequency, amplitude and phase.

Table 2. Fundamental stellar parameters derived for HD 27463.

Parameter TIC, This article
SIMBAD Balmer lines Pulsations

Teff, K 8700 ± 200a 8700 ± 100 8800 ± 100
logg 3.9 ± 0.3a 3.9 ± 0.2 3.89 ± 0.05
[M/H] 0.3 ± 0.1
vsin i, km s−1 27 ± 2
vr, km s−1 26.5 ± 4.8b 22 ± 2c

L⋆, L⊙ 38.7 ± 10.8a 42.5 ± 0.6
R⋆, R⊙ 2.8 ± 0.4a

M⋆, M⊙ 2.2 ± 0.4a 2.4 ± 0.1
veq, km s−1 50 ± 7 47 ± 5
i, deg 33 ± 8
age, 108 yr 5.0 ± 0.4

Notes: aStassun et al. (2018, 2019); bGontcharov (2006); c in barycentric
reference frame.

4 STUDY OF FUNDAMENTAL STELLAR PARAMETERS

Some fundamental stellar parameters of HD 27463 are taken from
public astronomical databases (TIC, SIMBAD5, see Table 2). The
effective temperatures reported in TIC has been derived using a new
empirical relation between Teff and Gaia GBP −GRP colours, based
on a set of 19,962 stars (Stassun et al. 2019). The stellar radius
was computed using the Gaia parallaxes employing the standard
expression derived from the Stefan-Boltzmann law. Based on the
obtained values of effective temperature and stellar radius one can
calculate the respective bolometric luminosity, Lbol. More details
on the procedure of determination of the fundamental stellar pa-
rameters reported in TIC and its estimation errors can be found in
Stassun et al. (2018, 2019).

Our estimates of the effective temperature, surface gravity,
metallicity, radial velocity and vsin i have been derived by fitting the
non-normalised profiles of Balmer lines (see Fig. 4). The derived
value of vsin i = 27 ± 2 km s−1 has been confirmed by analysis of
several Fe ii line profiles visible in the two FEROS spectra of this
star.

We assume here that the high-amplitude periodic variability
in the light curve with the lowest frequency and the associated first
harmonic (see Table 1) correspond to the stellar rotation. Therefore,
we have used the estimate of the stellar radius from the TIC and the
spectroscopic value of vsin i to derive the equatorial velocity, veq,
and inclination angle, i, of the rotational axis with respect to the line
of sight (see Table 2).

4.1 Analysis of Balmer line profiles

The Balmer line profiles of HD 27463 have been fitted employing
the fitsb2 code (Napiwotzki et al. 2004) to derive best fit param-
eters (Teff, logg and metallicity) of the stellar atmosphere. This
code uses grids of synthetic fluxes simulated with the code phoenix
(Hauschildt et al. 1997) for different values of Teff, logg and metal-
licity. During this procedure the code takes into account the level
of nearby continuum and the intensity of some strong metallic lines
that are present in the Balmer wings. The fitsb2 code does not per-
form an abundance analysis for each chemical element, but it rather
results in the estimate of metallicity which serves as an average

5 simbad.u-strasbg.fr/simbad/sim-id?Ident=HIP19917

MNRAS 000, 1–9 (2019)
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Figure 5. The main sequence evolution tracks for MESA models from 2.0
to 2.6 M⊙, all with zero convective overshoot and a metallicity derived
from spectroscopy of HD 27463, are shown in colours that correspond to
expected values of the large frequency separation. The evolution track for
the best fitting model with M⋆ = 2.4 M⊙, fov = 0.014 is shown in blue.
The box indicates the 1−σ spectroscopic uncertainty box in the observed
location of HD 27463.

measure of abundance of metals. For this reason, the spectral lines
of most metals are not well fitted in Fig. 4.

Specifically, in this study we use the grids of synthetic fluxes6

simulated by Husser et al. (2013) for models with different met-
alicities and abundances of the α-elements (O, Ne, Mg, Si, S,
Ar, Ca, and Ti) employing version 167 of the phoenix code
(Hauschildt & Baron 1999). These grids were computed with a
spectral resolution of R = 500000, which we reduced to R = 50000
during their transformation to the format read by the fitsb2 code
(Khalack et al. 2017). This latter resolution is close to the spectral
resolution of FEROS (see Section 2).

Two available FEROS spectra of HD 27463 were analysed
individually and resulted in similar values of effective temperature,
surface gravity and metallicity. The best fit results obtained for one
spectrum of HD 27463 that corresponds to the lowest χ2 are shown
in Table 2 and Fig. 4. This figure shows that the obtained best fit
approximates the analysed Balmer line profiles relatively well even
taking into account the contamination of Balmer wings by some
metal lines. The fitting procedure has been carried out for different
values of rotational velocity by including rotational broadening to
the theoretical line profiles before the fitting of Balmer line profiles.
In this case, the best fit value of vsin i is partially constrained by the
metal lines present in the Balmer line wings. This approach allowed
us to find the value that minimizes the discrepancy between the
observed and simulated Balmer line profiles for vsin i = 27 ± 2 km
s−1 (see Table 2). The derived value of vsin i has been confirmed
by analysis of several Fe ii line profiles visible in the two FEROS
spectra of this star.

6 The grids of synthetic spectra are available at
http://phoenix.astro.physik.uni-goettingen.de/
7 Compared to the previous version, version 16 of the phoenix code employs
an updated list of atomic and molecular lines and uses a new equation of state
to simulate a model of the stellar atmosphere and the synthetic emerging
flux (Husser et al. 2013) of the phoenix code
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Figure 6. The echelle diagram for the best fitting model and the observed
frequencies, plotted using the inferred large frequency separation of ∆ν =
3.304 d−1. The blue points show the model frequencies for ℓ = 0 (squares),
ℓ = 1 (pluses), ℓ = 2 (circles), and ℓ = 3 (crosses), while the green open
diamonds specify the data derived from observations. The model frequencies
plotted here correspond to radial orders of n = 11−19.

4.2 Analysis of stellar pulsations

We have calculated a grid of stellar structure and evolution models
using mesa version 11554 (Paxton et al. 2011, 2013, 2015, 2018,
2019), including the effects of convective overshoot. Model masses
ranged from 2.0 to 2.6 M⊙ in 0.1 M⊙ increments, with rotation
rates on the ZAMS between 35 and 100 km s−1 taking into account
the derived value of the equatorial velocity (see Table 2). We used
a scaled solar metallicity of Z = 0.0244 for all models to account
for the inferred spectroscopic metallicity of the star. Inside the con-
vective core, convective mixing is calculated using mixing length
theory (Böhm-Vitense 1958) with a mixing length α = 1.73 (see e.g.
Montalbán et al. 2004). Convective overshoot was included above
the core using the diffusive exponential overshoot model described
by Herwig (2000):

Dov = D0 exp
(

−2r
fovHP

)
, (1)

where D0 is the diffusion coefficient at the convective boundary,
r is the radial distance from the core boundary, and HP is the
pressure scale height at the core boundary. The amount of overshoot
is defined in terms of a fraction of the pressure scale height, HP. In
our models, the amount of overshoot ranged from fov = 0 to 0.04 in
increments of 0.01. As many of our best fitting models were found
to have overshoot between 0.01 and 0.03, this region of the grid was
subsequently refined with steps of 0.002. The models were evolved
from the pre-main sequence through the end of the main sequence.
Detailed models were saved at least every 20 time steps, and more
frequently during certain evolutionary phases. The time steps were
variable, and determined by the requirement that the relative change
in the stellar structure be less than 10−4 from one time step to the
next. The evolution tracks for the zero-overshoot models are shown
in Fig. 5.

We used gyre (Townsend & Teitler 2013) to calculate linear
adiabatic pulsation frequencies for each main sequence model with
3.92 < logTeff < 3.95, consistent with both the temperature from
the TIC and that derived from the Balmer lines in this work. We

MNRAS 000, 1–9 (2019)



6 Khalack et al.

2.0 2.1 2.2 2.3 2.4 2.5 2.6
Mass (M ⊙

0.0
0.01
0.012
0.014
0.016
0.018
0.02
0.022
0.024
0.026
0.028
0.03
0.04

Ov
er
sh
oo
t

0.0

0.4

0.8

1.2

1.6

2.0

Di
ffe
re
nc
e 
in
 la
rg
e 
se
pa
ra
tio
n 
(d
−1
⊙

Figure 7. The absolute value of the difference in the large frequency sep-
aration for the models in our grid compared to the observed value, shown
as a function of mass and overshoot. Based on the difference in the large
frequency separation and comparison to echelle diagrams, the best fitting
model (red star) was determined to have M⋆ = 2.4 M⊙ and fov = 0.014.

calculated model frequencies between 40 and 70 d−1 for ℓ = 0, 1,
2, and 3. Initially, we calculated frequencies for m = 0 modes only.
Once we had determined a small set of models which were good fits
to the observations, we calculated the m , 0 modes for comparison
to the observed rotational splitting.

We used the 26 frequencies from Table 1, all of which are
greater than 43 d−1 and appear to correspond to stellar pulsation
modes to determine the large frequency separation

∆ν0 =< νn+1,ℓ−νn,ℓ > . (2)

Given the spectroscopically-determined Teff value used as an input
constraint to the modelling, the best fitting large frequency sepa-
ration is approximately 3.3 d−1, which produces two clear ridges
in the echelle diagram, as shown in Fig. 6. We then compared this
derived large frequency separation to the values calculated for the
models in our grid. The absolute value of the difference between
the model and the observed large frequency separation is shown in
Fig. 7. A number of models with masses between 2.2 and 2.5 M⊙
have reasonably good fits to the large frequency separation. For
models with the smallest difference in the large frequency sepa-
ration, the echelle diagrams were plotted. Not all models with a
large frequency separation of 3.3 d−1 were good fits to the observed
echelle diagram, so we also compared individual frequency fits, as
shown in Fig. 8.

HD 27463 has been analysed recently by Bedding et al. (2019)
who have performed mode identification using the echelle diagram
and obtained a large frequency separation of 6.91 d−1, more than
twice our result. Our models show that HD 27463 is an evolved
δ Scuti star with an age of 5 ×108 yr and an effective temperature
which is similar to the one found from the analysis of Balmer line
profiles (see Table 2). In Fig. 5, the 1−σ spectroscopic uncertainty
box that specifies the observed location of HD 27463 on the HR di-
agram is constructed taking into account uncertainties provided by
the TIC for the estimates of stellar luminosity and effective tempera-
ture (Stassun et al. 2018, 2019). Fig. 5 clearly demonstrates that the
large frequency separation around ∆ν0 = 6.9 d−1 is a characteristic
of very young stars (see also Bedding et al. 2019).
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Figure 8. Individual frequency matches for the best fitting model. The red
lines are the observed frequencies plotted versus amplitude, while the black
lines are the ℓ = 0 (solid), ℓ = 1 (dashed), ℓ = 2 (dot-dashed), and ℓ = 3
(dotted) model frequencies.

We have repeated our fitting procedure assuming a large fre-
quency separation of 6.91 d−1 derived by Bedding et al. (2019).
In this case, we found that the best fitting model has a large fre-
quency separation of 6.707 d−1 and is a 2.0 M⊙ model with a core
overshoot of 0.03 and a ZAMS equatorial rotation velocity of 40
km s−1. The echelle diagram and frequency fit for this model are
shown in Figs. A1 and A2 respectively. The model corresponds to
a young star that is effectively on the ZAMS. The derived χ2 for the
best frequency fit is an order of magnitude larger than our best fit
with∆ν0 = 3.3 d−1, which takes into account the spectroscopic con-
straints on temperature and metallicity (see Figs. 5, 6, 7 and 8). This
finding clearly indicates that the large frequency separation is not a
unique factor on which we should rely to determine the fundamental
stellar parameters. The spectroscopy and specifically spectroscopic
estimates of Teff and metallicity are needed to break degeneracies
amongst fundamental parameters when performing forward seismic
modelling (see Aerts et al. 2018; Buysschaert et al. 2018).

Based on our simulations, the best fitting model was deter-
mined to have a large frequency separation of 3.304 d−1, and is
compared to the observations in Fig. 6. This model has a mass
of 2.4 M⊙, a ZAMS rotation velocity of 47 ± 5 km s−1, and an
overshoot of fov = 0.014. The derived values of effective tempera-
ture, Teff = 8800±100 K, and surface gravity, logg = 3.89±0.05,
are in good agreement with the spectroscopic measurements (see
Table 2). The stellar luminosity of 42.5 L⊙ derived from the best
fitting model is comparable to the value reported in the TIC.

During the simulation of stellar structure, the core hydrogen
fraction evolves with the star and is one of the output parameters
provided by the code mesa (Paxton et al. 2011, 2013, 2015, 2018,
2019). Assuming that initial core hydrogen fraction is Xc=0.7, our
best fitting model was determined to have an age of 5 ×108 yr,
which corresponds to Xc=0.33. These parameters are derived from
the best fitting model to the echelle diagram (see Fig. 9).

The amount of overshooting we found in this model is similar to
that found for KIC 10526294 (Moravveji et al. 2015), and slightly
lower than that found for KIC 7760680 (Moravveji et al. 2016).
However, both of these stars are late-type B stars, and show g mode
pulsations typical of Slowly Pulsating B (SPB) stars. Similar studies
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Figure 9. The mode splitting in the ℓ = 1 (blue), 2 (red), 3 (green) modes
for the best fitting model. The m = -3, -2, -1, 0, 1, 2 and 3 frequencies are
denoted by triangles, diamonds, crosses, squares, pluses, circles, and dots
respectively. The black diamonds indicate the observed frequencies. The
range of radial orders shown is the same as in Fig. 6.

of a magnetic B-type star (HD 43317) found a much lower convec-
tive overshoot ( fov = 0.004) and the authors conclude that convec-
tive mixing is suppressed by the magnetic field (Buysschaert et al.
2018). More recently, Mombarg et al. (2019) performed ensemble
asteroseismic modelling of gravity modes in 37 γ Doradus stars ob-
served by the Kepler Space mission. Mombarg et al. (2019) found
best-fitting diffusive exponential overshooting values that range be-
tween 0 and 0.03 for these main-sequence intermediate-mass stars.

Once a best fitting model was established, we calculated rota-
tional splitting in the ℓ= 1, 2 and 3 modes to see if this provided
matches for some of the unmatched frequencies in the echelle di-
agram, since rotation also has a significant impact on pulsation
mode frequencies (Aerts et al. 2010). As shown in Fig. 9, the ob-
served mode splitting agrees well with our model calculations. For
a model that is initially rotating at 100 km s−1, the present-day
rotation rate has dropped to 47 km s−1 (Ω

/
Ωcrit = 0.12) at Xc =

0.33.

5 DISCUSSION

The detected photometric variability of HD 27463 with a period
of P = 2.834274 ± 0.000008 d (see Table 1 and Fig. 3) can be
explained in terms of stellar rotation with co-rotating surface abun-
dance/brightness patches, likely due to the presence of a surface
magnetic field. In a hydrodynamically stable stellar atmosphere even
a relatively weak magnetic field can amplify the atomic diffusion
and lead to horizontal and vertical stratification of chemical abun-
dances (Alecian & Stift 2010; Stift & Alecian 2012, 2016). Usually
the magnetic CP stars host magnetic fields that are dominated by a
dipolar component with strengths on the order of several kG or less,
which remains stable over long timescales (Silvester et al. 2014;
Kochukhov et al. 2019). The magnetically sensitive line profiles
Fe ii 6147Å, 6149Å visible in the FEROS spectra of HD 27463 are
not visually split due to the Zeeman effect. Taking into account the
derived value of vsin i = 27±2 km s−1, it seems that the magnetic
field modulus might be of order of a few kG in the stellar atmo-

sphere of this star. It is significant enough to cause the formation
of abundance patches in the stellar atmosphere of HD 27463 tak-
ing into account its spectral classification as an Ap EuCr(Sr) star
(Houk & Cowley 1975). A preliminary analysis of the two FEROS
spectra shows that the profiles of Si and Ca lines are strongly vari-
able, which confirms the Ap nature of this star. The patches of
enhanced abundance of different metals usually are located close to
the magnetic poles or along the magnetic equator (Lüftinger et al.
2010; Kochukhov et al. 2019; Mathys et al. 2019) and contribute to
the variability of spectral line profiles and the photometric flux in
phase with the stellar rotation. Assuming the oblique magnetic rota-
tor model (Stibbs 1950) in the case of HD 27463 the overabundance
patches will generate a signal at the first harmonic of the rotational
frequency. The derived pattern of stellar variability in the low fre-
quency domain is in good accordance with the predictions of the
oblique magnetic rotator model (see Fig. 3).

The lower panel of Fig. 3 indicates that HD 27463 shows high-
frequency pulsations (40 < ν < 70 d−1) with amplitudes less than 0.5
mmag. Such high-frequency pulsation modes are typically found in
hotter δ Scuti stars (Smalley et al. 2017; Bowman & Kurtz 2018).
This is because the heat-engine driving mechanism operating in the
He ii ionisation zone is closer to the surface and is more efficient
at exciting higher radial orders, hence higher frequencies, in hotter
δ Scuti stars (Pamyatnykh 2000; Dupret et al. 2019). Cunha et al.
(2019) and Sikora et al. (2019) have also classified this star as a
suspected δ Scuti variable. Therefore, our spectroscopic parame-
ters and subsequent modelling results are in agreement with this
theoretically predicted and observed relationship.

Many δ Scuti stars are known to show a long-term variability of
their pulsation amplitudes and frequencies (Breger 2000; Bowman
2017). To study possible amplitude variability in HD 27463, we
employed the methodology of Bowman et al. (2016), such that the
amplitude and phase of a pulsation mode was tracked at fixed fre-
quency using linear least-squares over the duration of the TESS light
curve. To achieve this, the light curve of HD 27463 was divided into
bins of 50 d with a step of 1 d, and amplitude and phase of a pul-
sation mode were optimized using linear least-squares in each bin
for the frequency determined using the entire light curve. In our
analysis, the zero-point of the time used in the calculation of phases
was chosen as the approximate midpoint of the entire TESS light
curve (i.e. BJD 2471340.0). The 1-σ uncertainties for the amplitude
and phase values were obtained from the least-squares fit.

Employing this technique we were able to detect marginal
amplitude and phase modulation given the relatively large uncer-
tainties for the pulsation modes in HD 27463. An example of the
amplitude and phase modulation for the pulsation mode frequency
at 59.2474 d−1 is shown in Fig. 10. Other pulsation modes with a
relatively high amplitude (see Table 1) show similar behaviour. Our
detection of amplitude and phase modulation for pulsation modes
with relatively high amplitudes is in agreement with the findings
of Bowman et al. (2016) that amplitude modulation is common in
δ Scuti stars with long-term amplitude modulation occurring on
time scales much longer than the rotation period. Some pulsation
modes in HD 27463 have very small amplitudes. In this case, it is
difficult to search for an amplitude modulation taking into account
that the error-bars derived from a non-linear least squares fit are of
order 0.01 mmag.

We have also analysed the 26 frequencies of detected stellar
pulsations located in the frequency range between 40 and 70 d−1

(see Table 1) that result in best fitting large frequency separation
around 3.3 d−1 which is used as a constraint to model pulsation
modes (see Fig. 6). The grid of stellar evolution models has been
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calculated with mesa version 11554 (Paxton et al. 2011, 2013, 2015,
2018, 2019) including the effects of convective overshoot and metal-
licity, while the simulation of linear adiabatic pulsation frequen-
cies for each main sequence model has been carried out using the
code gyre (Townsend & Teitler 2013). Our best fitting model corre-
sponds to an overshoot parameter of fov = 0.014 and results in values
of global stellar parameters that are very close to those reported in
the TIC and to those derived in this paper from the simulation of
Balmer line profiles (see Table 2). This model was determined to
have an age of 5.0 ± 0.4 ×108 yr, which corresponds to a core
hydrogen fraction of 0.33.

We have found that the large frequency separation is not a
sensitive function of the convective core overshoot, as shown in
Fig. 7. The spectroscopic constraints on fundamental parameters,
especially Teff and metallicity, in addition to the observed large
frequency separation serves to narrow down the number of models,
which must then be compared to the observed echelle ridges (see
Figs. 6, 9) and the individual frequencies (see Fig. 8) to determine
the best fitting parameters.

The radial orders inferred from this work are high for δ Scuti
stars, which are typically observed to have low (1 ≤ n ≤ 7) radial
orders. It has been shown by Antoci et al. (2014) that moderate
(7 ≤ n ≤ 15) radial orders can be excited in δ Scuti stars by means of
turbulent pressure, although this pulsation excitation mechanism is
most efficient in the centre of the classical instability strip. HD 27463
has been shown in this work to be closer the predicted blue edge of
the classical instability strip instead of the centre, with an effective
temperature of approximately 8700 K. Nevertheless, we conclude
that turbulent pressure must play a role, at least in part, in the
excitation of such high frequency pulsation modes in HD 27463.

Taking into account that HD 27463 is a long period (∼370 yr)
visual binary with a separation of ∼0.3 arcsec (Baize & Petit 1989;
Hartkopf et al. 2012) we cannot exclude that the detected pulsations
are produced by the weaker secondary companion. Having its visual
magnitude only 0.43 less than the one of the Ap primary, this com-
panion can also fall in the δ Scuti instability region and contribute
to the observed by TESS light curve of HD 27463. Comparison of
the two FEROS spectra does not show clear evidences of contri-
bution from the secondary companion. Nevertheless, to estimate
parameters of this binary and to clarify the nature of the secondary
companion we require acquisition of additional high-resolution and
high signal-to-noise spectra of HD 27463.

We have confirmed here that HD 27463 is an Ap star. Ex-
citation of high-radial order magneto-acoustic modes is expected
and are observed in some Ap stars (the roAp stars), which possess
a global magnetic field usually of dipolar structure (Kurtz 1982;
Kurtz et al. 2006; Bigot & Kurtz 2011). Therefore, higher resolu-
tion spectroscopic and/or spectropolarimetric observations are also
required to detect the presence of a strong large-scale magnetic
field in HD 27463 to say conclusively whether the star is just a
chemically peculiar δ Scuti star, or whether it can be called a roAp
star. Our estimation of the upper limit on the magnetic field mod-
ulus is not in contradiction with the results of Saio (2005), who’s
models require polar magnetic field strengths of ∼ 0.8 kG or more
to suppress δ Scuti pulsations. However, a precise measurement of
the magnetic field in HD 27463 is required to determine the exact
driving mechanism in this star and the influence of the magnetic
field on the pulsation modes.

The distinction between roAp stars and chemically peculiar
δ Scuti stars based on photometric data alone is becoming less clear
(e.g. Balona et al. 2019). Typically, an Ap star showing rapid pul-
sations was historically sufficient to classify a roAp star. However,
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Figure 10. Variability of the amplitude and phase with time for stellar
pulsation detected at the frequency ν = 59.7424 d−1. 1-σ uncertainties are
determined from the least-squares fit.

the roAp stars can show rotationally split sidelobes in the amplitude
spectra of their light curves which are a result of oblique pulsation
(e.g. Kurtz 1982; Bigot & Kurtz 2011). These sidelobes arise as the
pulsation axis in the roAp stars is closely aligned with the magnetic
axis which is inclined to the rotational one. To detect the rotational
sidelobes, the line of sight to the pulsation needs to be favourable,
and the rotation period shorter than the observation period. There
is no indication of rotationally split sidelobes in HD 27463 which
could mean we are unfortunate in the geometry or the pulsations
are not oblique i.e. the pulsation and rotation axes are aligned as in
chemically normal δ Scuti stars.

To conclusively say whether HD 27463 is a chemically peculiar
δ Scuti star or a roAp star and to clarify the nature of the secondary
companion, extensive high-resolution spectroscopic and/or spec-
tropolarimetric observations are required. These data, along with
further detailed modelling of star which takes into account the mag-
netic field, are needed to distinguish between these two classes of
pulsator, and to investigate to what extent the magnetic field plays
a role in this star and others with similar characteristics. Nonethe-
less, the rich frequency spectrum of HD 27463 including radial and
non-radial modes spanning several radial orders demonstrates the
exciting prospects for asteroseismic studies of intermediate-mass
stars with TESS.
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served frequencies, both plotted with a large frequency separation of ∆ν0=
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ℓ = 1 ( pluses), ℓ = 2 (circles), and ℓ = 3 (crosses), while the green open
diamonds specify the data derived from observations.
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APPENDIX A: DEGENERACY OF THE LARGE
FREQUENCY SEPARATION
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Figure A2. Individual frequency matches for the best fitting model using
the large frequency separation of ∆ν0 = 6.707 d−1. The red lines are the
observed frequencies plotted versus amplitude, while the black lines are the
ℓ = 0 (solid), ℓ = 1 (dashed), ℓ = 2 (dot-dashed), and ℓ = 3 (dotted) model
frequencies.
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