
Central Lancashire Online Knowledge (CLoK)

Title Magnetic field of the roAp star KIC~10685175: observations versus theory
Type Article
URL https://clok.uclan.ac.uk/id/eprint/53281/
DOI https://doi.org/10.1051/0004-6361/202451417
Date 2024
Citation Shi, Fangfei, Zhang, Huawei, Hubrig, Swetlana, Jarvinen, Silva, Chen, 

Huiling, Cang, Tianqi, Fu, Jianning and Kurtz, Donald Wayne (2024) 
Magnetic field of the roAp star KIC~10685175: observations versus theory. 
Astronomy & Astrophysics, 691. ISSN 0004-6361 

Creators Shi, Fangfei, Zhang, Huawei, Hubrig, Swetlana, Jarvinen, Silva, Chen, 
Huiling, Cang, Tianqi, Fu, Jianning and Kurtz, Donald Wayne

It is advisable to refer to the publisher’s version if you intend to cite from the work. 
https://doi.org/10.1051/0004-6361/202451417

For information about Research at UCLan please go to http://www.uclan.ac.uk/research/ 

All outputs in CLoK are protected by Intellectual Property Rights law, including Copyright law.  
Copyright, IPR and Moral Rights for the works on this site are retained by the individual authors 
and/or other copyright owners. Terms and conditions for use of this material are defined in the 
http://clok.uclan.ac.uk/policies/

http://www.uclan.ac.uk/research/
http://clok.uclan.ac.uk/policies/


Astronomy
&Astrophysics

A&A, 691, A272 (2024)
https://doi.org/10.1051/0004-6361/202451417
© The Authors 2024

Magnetic field of the roAp star KIC 10685175: Observations
versus theory

Fangfei Shi1,2,⋆, Huawei Zhang1,2,⋆ , Swetlana Hubrig3 , Silva Järvinen3 ,
Huiling Chen1,2 , Tianqi Cang4 , Jianning Fu4,5 , and Donald Kurtz6,7

1 Department of Astronomy, Peking University, Beijing 100871, China
2 The Kavli Institute for Astronomy and Astrophysics, Peking University, Beijing 100871, China
3 Leibniz-Institut für Astrophysik Potsdam (AIP), An der Sternwarte 16, 14482 Potsdam, Germany
4 School of Physics and Astronomy, Beijing Normal University, Beijing 100875, China
5 Institute for Frontiers in Astronomy and Astrophysics, Beijing Normal University, Beijing 102206, China
6 Centre for Space Research, North-West University, Mahikeng 2745, South Africa
7 Jeremiah Horrocks Institute, University of Central Lancashire, Preston PR1 2HE, UK

Received 8 July 2024 / Accepted 28 September 2024

ABSTRACT

Context. KIC 10685175 is a roAp star whose polar magnetic field is predicted to be 6 kG through a nonadiabatic axisymmetric pulsa-
tion theoretical model.
Aims. In this work, we aim to measure the magnetic field strength of KIC 10685175 using high-resolution spectropolarimetric obser-
vations, and compare it with the one predicted by the theoretical model.
Methods. Two high-resolution unpolarized spectra have been analyzed to ascertain the presence of magnetically split lines and derive
the iron abundance of this star through equivalent width measurements of 10 Fe lines. One polarized spectrum has been used to mea-
sure the mean longitudinal magnetic field with the least-squares deconvolution technique. Further, to examine the presence of chemical
spots on the stellar surface, we have measured the mean longitudinal magnetic fields using different lines belonging to different
elements.
Results. From the study of two high-resolution unpolarized spectra, we obtained the spectroscopic atmospheric parameters including
the effective temperature (Teff), surface gravity (log g), iron abundance ([Fe/H]), abundance ratio of alpha elements to iron ([α/Fe]),
and micro-turbulent velocity (Vmic). The final result is [Teff , log g, [Fe/H], [α/Fe], Vmic)]=[8250 ± 200 K, 4.4 ± 0.1, –0.4 ± 0.2,
0.16 ± 0.1, 1.73 ± 0.2 km s−1]. Although the Fe absorption lines appear relatively weak in comparison to typical Ap stars with similar
Teff , the lines belonging to rare earth elements (Eu and Nd) are stronger than those in chemically normal stars, indicating the peculiar
nature of KIC 10685175. The mean longitudinal magnetic field, ⟨Bℓ⟩ = −226 ± 39 G, was measured in the polarized spectrum, but
magnetically split lines were not detected. No significant line profile variability is evident in our spectra. Also, the longitudinal mag-
netic field strengths measured using line masks constructed for different elements are rather similar. Due to the poor rotation phase
coverage of our data, additional spectroscopic and polarimetric observations are needed to allow us to come to any conclusions about
the inhomogeneous element distribution over the stellar surface.
Conclusions. The estimated polar magnetic field is 4.8 ± 0.8 kG, which is consistent with the predicted polar magnetic field strength
of about 6 kG within 3σ. This work therefore provides support for the pulsation theoretical model.

Key words. stars: abundances – stars: chemically peculiar – stars: magnetic field – stars: individual: KIC 10685175

1. Introduction

Ap stars are chemically peculiar stars of spectral type A that
have overabundances of iron-peak and rare-earth elements, such
as Si, Cr, Sr, and Eu (Preston 1974). A prime factor governing
the peculiarities of Ap stars is the strong magnetic fields they
host. These magnetic fields are roughly dipolar, with typical field
strengths of a kilo Gauss, or more. The strong magnetic field
suppresses convection, providing a stable environment for ions
with many absorption features to be lifted by radiation pressure
against gravity and kept stratified in the observable surface lay-
ers. At the same time, some other elements, especially helium,
which have few absorption lines near flux maximum in the outer
envelope of the star, settle down, affected by gravity. The ele-
ment stratification in the presence of a magnetic field causes the
peculiarities of surface abundance.
⋆ Corresponding authors; fangfei1420@pku.edu.cn;
zhanghw@pku.edu.cn

Some Ap stars exhibit high-overtone, low-degree pressure
pulsation modes. These are called rapidly oscillating Ap (roAp)
stars and they have many pulsation features. In the HR diagram,
these stars overlap with δ Sct stars, which are nonmagnetic (or
extremely weakly magnetic). Generally, the δ Sct stars pulsate
in low-radial-overtone p modes, while the roAp stars pulsate
in high-radial-overtone magneto-acoustic modes. Also, unlike
the nonmagnetic stars, the pulsation axes of roAp stars are
almost symmetric about the oblique quasi-dipolar magnetic field
(Kochukhov 2003; Saio 2005; Bigot & Kurtz 2011). Thus, it
is believed that the strong magnetic fields of roAp stars play
an essential role in the pulsation mode excitation and selection
(Balmforth et al. 2001; Saio 2005; Cunha 2006).

The pulsation axes of roAp stars are affected by the pres-
ence of a magnetic field, as is discussed in Dziembowski &
Goode (1996), Cunha & Gough (2000), and Saio & Gautschy
(2004), which means the pulsation mode is not a pure dipole or
quadrupole (or higher). Saio (2005) provides a method to model
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Table 1. Detailed information for the observations of KIC 10685175.

HJD Instrument Resolution S/N Mode Exposure Rotation
at 6120 Å time (s) phase

2459458.72644 ESPaDOnS 81 000 60 Unpolarized 1300 0.92
2459458.78562 ESPaDOnS 81 000 60 Unpolarized 1300 0.93
2459872.72369 ESPaDOnS 68 000 90 Circularly polarized 1600×4 0.34

Notes. The rotation phases were calculated based on the time zero-point, T0=BJD 2 458 711.21391, and the rotation period, Prot = 3.1028 d, from
Shi et al. (2020).

the quadrupole or dipole pulsation distorted by dipole magnetic
fields. In this model, the polar magnetic field is predicted by
comparing the theoretical pulsation data with the observed one.
Further, this model is used to estimate the polar magnetic field
strength, effective temperature, mass, and other stellar parame-
ters (Holdsworth et al. 2016, 2018). On the other hand, testing
the consistency between the field measurements and the predic-
tions on the magnetic field strengths permits one to support the
theoretical model, or place new constraints on it.

KIC 10685175 is a roAp star that has been observed by both
Kepler (Borucki et al. 2010; Koch et al. 2010) and the Transit-
ing Exoplanet Survey Satellite (TESS; Ricker et al. 2015). Gray
et al. (2016) first classified KIC 10685175 as an Ap star of spec-
tral type A6 IV (Sr)Eu using a low-resolution spectrum from
the Large Sky Area Multi-Object Fiber Spectroscopic Telescope
(LAMOST; Zhao et al. 2012; Cui et al. 2012), and a second
classification of A4V Eu was given by Hümmerich et al. (2018)
using a high-resolution spectrum obtained at Stará Lesná Obser-
vatory. However, magnetic field measurements have not been
carried out for this star yet. Shi et al. (2020) studied the rota-
tion and pulsation features of the star. Using their values for
the rotation period, Prot = 3.1028 d, and the estimated radius,
R = 1.39 ± 0.05 R⊙, from Gaia Collaboration (2018), we obtain
the equatorial rotation velocity veq = 22.7 ± 0.8 km s−1. Assum-
ing the inclination, i = 60◦, from the work of Shi et al. (2020),
we get v sin i = 19.6 ± 0.7 km s−1. The uncertainty of sin i was
not considered, since it cannot be derived through the pulsa-
tion theoretical model in Shi et al. (2020). From the theoretical
model presented by Saio (2005), the predicted dipole magnetic
field strength is about 6 kG, which is expected to be detectable
in high-resolution spectra. If this predicted magnetic field can be
confirmed by observations, this star will belong to a group of
roAp stars with rather strong surface magnetic fields.

There are two main observational strategies to measure the
magnetic field: one is related to spectroscopic observations of
the magnetically split lines and observations of circular polar-
ization. High-resolution spectroscopic observations permit one
to determine the average surface magnetic field, ⟨B⟩, by measur-
ing the splitting between the Zeeman components in magneti-
cally sensitive lines. This method is simple and straightforward,
but requires high resolution and a high signal-to-noise ratio
(S/N). Another method of measuring magnetic fields is high-
resolution spectropolarimetric observations. This method allows
us to measure the average over the stellar disc of the line-of-sight
component of the magnetic vector, which is called the mean lon-
gitudinal magnetic field. Observations of circular polarization
are the most widely used to measure magnetic fields in Ap stars
and do not need very high S/N.

2. Observations and data reduction

The spectra were obtained using the Echelle Spectropolarimet-
ric Device for the Observation of Stars (ESPaDOnS) on the
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Fig. 1. Phase-folded light curve of KIC 10685175. The positions of three
spectral observations are marked as dotted lines in the figure.

3.6-m Canada-France-Hawaii Telescope (CFHT). ESPaDOnS is
a bench-mounted high-resolution echelle spectrograph and spec-
tropolarimeter with wavelength coverage from 370 to 1050 nm
(Donati et al. 2006). There are two observation modes for
ESPaDOnS – the spectropolarimetric mode with a resolving
power of R ∼ 68 000 and the spectroscopic mode with a higher
resolution of up to R ∼ 81 000.

Two high-resolution (R ∼ 81 000) spectra were obtained in
the spectroscopic mode on September 1, 2021. Using the expo-
sure time of 1300 s for each spectrum, we achieved the S/N of
about 60 at 6120 Å. On October 20, 2022, a lower-resolution
(R ∼ 68 000) circularly polarized spectrum in spectropolari-
metric mode was obtained as a follow-up observation. The
spectropolarimetric observation consisted of four sub-exposures
observed at different positions of the quarter-wave retarder plate.
Each sub-exposure time is 1600 s. The achieved S/N of inte-
gral light spectra at 6120 Å is 90. The data were reduced using
Libre-ESpRIT (Donati et al. 1997), which is the pipeline built
for the ESPaDOnS. The reduction includes optimal spectrum
extraction and normalization. More detailed information on the
observations is presented in Table 1.

For clarity, the phase-folded light curve of KIC 10685175 is
shown in Fig. 1 and the rotation phases of three spectral obser-
vations are marked as dotted lines in the figure. The data, time
zero-point, T0=BJD 2 458 711.21391, and the rotation period,
Prot = 3.1028 d, are all from Shi et al. (2020).

3. Spectral analysis

The effective temperature, Teff , and surface gravity, log g,
of KIC 10685175 have been measured in several works.
Gaia Collaboration (2018) derived Teff=7900 K from Gaia
DR2 Bp, Rp, and G band photometry. Anders et al. (2022)
derived Teff=8000 K and log g=4.28 using Gaia DR3 photometry
together with other multibands of 2MASS and AllWISE. How-
ever, there are no stellar parameters based on high-resolution
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Table 2. Parameters of KIC 10685175 in the literature.

Teff (K) log g (cgs) [Fe/H] (dex) Method Reference

7900±100 – – Three Gaia broad-band photometric measurements Gaia Collaboration (2018)
8000±280 4.28 – Gaia EDR3 + 2MASS + AllWISE photometry Anders et al. (2022)
8000 4.04 –0.11 KIC griz photometry Pinsonneault et al. (2012)
8200±300 4.04 –0.11 KIC griz + 2MASS JHK + intermediate-bandD51 filter photometry Huber et al. (2014)
8000±30 4.08 –0.03 LAMOST low-resolution spectrum Luo et al. (2022)
7810±40 4.36 –0.07 LAMOST low-resolution spectrum Xiang et al. (2022)
8250±200 4.4±0.1 –0.4±0.2 This work

Notes. [Fe/H]=log10(NFe/NH) − log10(NFe/NH)⊙, log10 A(Fe) = log10(NFe/NH) + 12, where A(Fe) is the Fe abundance. In iSpec, A(Fe)⊙ is 7.5,
following Grevesse & Sauval (1998).

spectra for this star, and most measurements are from photom-
etry and isochrone fitting. As LAMOST provides low-resolution
spectra for this star, some works, such as Luo et al. (2022),
derived Teff and log g based on low-resolution spectra. The
parameters for this star found in the literature are listed in
Table 2.

Here, we used the unpolarized spectra to derive the stellar
parameters, including the effective temperature (Teff), surface
gravity (log g), iron abundance ([Fe/H]), abundance ratio of
alpha elements to iron ([α/Fe]), and micro-turbulent velocity
(Vmic) for KIC 10685175. In this paper, the value of log g is in
the CGS system, and the unit of [Fe/H] and [α/Fe] is dex.

The equivalent width (EW) measurements were performed
using the program iSpec (Blanco-Cuaresma et al. 2014; Blanco-
Cuaresma 2019). In the EW method, iSpec measures EWs of
several selected lines by fitting them with Gaussian functions.
The theoretical EWs can be calculated considering the excitation
equilibrium and ionization balance. A least-squares algorithm
is applied in each iteration and the optimized parameters are
selected by minimizing the differences between the observed and
theoretical EWs.

The EW method requires unblended lines. We inspected
Fe I and Fe II lines one by one to make sure that they are
unblended and their EWs are smaller than 100 mÅ. Finally,
12 lines including 11 Fe I lines and one Fe II line were selected.

iSpec will derive Fe abundances from each Fe line based on
its EW and the stellar parameters. Different atomic line parame-
ters are sensitive to different stellar parameters. The reduced EW
(log10

EW
λ

), the lower energy levels, and the ionization states are
sensitive to vmic, Teff , and log g, respectively. Using this property,
we can adjust the stellar parameters to make the individual Fe
abundances of each line consistent.

Since we only have one Fe II line, deriving log g based on
the ionization balance is unreliable. Here, we calculated log g
from photometry. Assuming Teff = 8000 K, with the parallax and
magnitude from Gaia DR3, we have log g = 4.4 ± 0.1.

We fixed log g = 4.4 and give initial values of Teff , [Fe/H],
[α/Fe], and Vmic. We started from [Teff , [Fe/H], [α/Fe], and
Vmic]=[8000 K, –0.1, 0.04, 2.5 km s−1], where the initial values
of Teff and [Fe/H] are from the average values from Table 2,
[α/Fe]=−0.4[Fe/H] was calculated using the relationship in
Matsuno et al. (2024), and Vmic was estimated using an empirical
relation considering the effective temperature, surface gravity,
and metallicity that was constructed in iSpec. Then, these four
parameters were gradually changed to finally make sure that:

– There is no trend between [Fe/H] and lower excitation
energy.

– There is no trend between [Fe/H] and reduced EWs.

The next [Fe/H] in the stellar parameter is replaced using the
average value of [Fe/H] in those 12 lines.

Using the atomic line list extracted from VALD and the
atmosphere model from ATLAS (Castelli & Kurucz 2004), and
based on the MOOG code (Sneden et al. 2012), we derived
the final result, [Teff , [Fe/H], [α/Fe], Vmic]=[8250±200K, ˘0.4 ±
0.2, 0.16 ± 0.1, 1.7 ± 0.2 km s−1]. The uncertainties of Teff and
Vmic were arrived at based on the decision that the slopes –
the slopes of the trend of [Fe/H] versus lower excitation energy
and [Fe/H] versus reduced EW – should be smaller than 0.1.
The uncertainty of [Fe/H] was from the standard deviation of
the [Fe/H] of the 12 lines, and the uncertainty of [α/Fe] was
propagated from that of [Fe/H]. We also examined whether
the ionization equilibrium was satisfied by using the fixed
log g = 4.4.

[Fe/H] = −0.4 is very different compared with the measure-
ments in the literature, in which the results have been derived
from photometry and evolution models that are less suitable for
Ap stars. The low [Fe/H] also indicates that the Fe abundance
of this star is lower than that of an Ap star with Teff = 8000 K,
although it is typical for Ap stars that are much cooler than
KIC 10685175 (see Fig. 5 of Ghazaryan et al. 2018.)

In the following, we compare the spectrum of KIC 10685175
with another Ap star and an A-type star with a normal chem-
ical abundance. The chemically normal star that we chose is
HD 186689, with fundamental parameters – Teff = 7950 K,
log g = 4.16, and [Fe/H]=−0.33 (Gaia Collaboration 2016,
2023) – that are similar to those of KIC 10685175. The v sin i
for this star is 34 km s−1 (Erspamer & North 2003), which is
slightly larger than that of KIC 10685175. The spectrum was
obtained from the ELODIE1 database and is shown in Fig. 2.
Compared with HD 186689, KIC 10685175 has slightly weaker
Fe lines but Nd and Eu show significant overabundance, which
is a typical feature of Ap stars. We also compared the spec-
trum of KIC 10685175 with the spectrum of another Ap star
with similar Teff , α Cir. The Teff = 7900 K, log g = 4.2, and
v sin i=13.2 km s−1 of α Cir (Ghazaryan et al. 2018; Ammler-von
Eiff & Reiners 2012) are close to those of KIC 10685175. The
spectrum of α Cir was obtained by Holdsworth & Brunsden
(2020) using the High Resolution Spectrograph attached to the
Southern African Large Telescope (SALT). In Fig. 2, we show
that for KIC 10685175, the Fe lines are much weaker than those
in α Cir. For the Eu and Nd lines, by calculating the EWs of each
line, we confirmed that the two stars have similar intensities for
the Eu II line, and that the Nd III line of KIC 10685175 is less
enhanced.

1 http://atlas.obs-hp.fr/elodie/
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Fig. 2. Comparison of the spectra in the vicinity of the Nd and Eu lines
between three A-type stars: the spectrum the star with a normal abun-
dance, HD 186689 (top – blue), our target, KIC 10685175 (middle –
black), and the spectrum of the known roAp star, αCir (bottom – green).
Strong spectral lines are marked with dashed black lines. The abscissa is
wavelength in (Å) and the ordinate is normalized intensity. For clarity,
the spectra of HD 186689 and αCir have been shifted.

4. The magnetic field of KIC 10685175

4.1. The surface magnetic field

High-resolution spectroscopic observations can be used to deter-
mine the mean magnetic field modulus, ⟨B⟩ (Mathys 1989), by
measuring the wavelength shifts between the magnetically split
components using the relation

λr − λb = gkλ2
0⟨B⟩. (1)

Here, λr, λb, and λ0 represent the wavelengths of the red and
blue components, and the central wavelength, respectively; g is
the Landé factor, and k = 4.67×10−13 Å−1G−1.

The widely used magnetically sensitive doublet Fe II 6149 Å
was inspected for the presence of magnetically split lines.
However, as we show in Fig. 3, this line does not exhibit a
magnetically split structure. We also inspected other magnet-
ically sensitive lines that have large Landé factors (geff ≥1.5)
and doublet patterns, such as Fe I 6336.82 Å (geff =2.0) and
Cr II 5116.04 Å (geff =2.92), but no magnetically split pattern
was detected. The relatively high v sin i for this star significantly
inhibits the detection of magnetically split lines. Besides, the
profile variation due to the spots can also contaminate the line
splitting or broadening from the Zeeman effect, which makes
the line splitting less likely to be detected.

4.2. The longitudinal magnetic field

The reduced circularly polarized observations provided the
Stokes intensity, I, circular polarization – V – parameters, and
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Fig. 3. Combined spectrum (R = 81 000) of KIC 10685175 zoomed
in on the spectral region containing the magnetically sensitive line
Fe II 6149 Å.

diagnostic – N – spectra. The mean longitudinal magnetic field,
⟨Bℓ⟩, was determined through

⟨Bℓ⟩ = −2.14 × 1011

∫
vV(v)dv

λ0geffc
∫

[Ic − I(v)]dv
. (2)

Here, v is the velocity offset from the line center, and the unit
is km s−1, while λ0 and geff are the effective wavelength and the
effective Landé factor used for normalization, respectively (Rees
& Semel 1979; Donati et al. 1997).

The noise level was greatly reduced with the help of the
least-squares deconvolution (LSD) technique (Donati et al. 1997;
Folsom et al. 2018). In this technique, it is assumed that each
spectral line can be described by the same profile with a dif-
ferent scale factor that depends on the central wavelength, line
strength, and magnetic sensitivity.

The line list was constructed using the Vienna Atomic Line
Database (VALD; Ryabchikova et al. 2015) assuming Teff =
8200 K and log g = 4.4. All the lines were inspected to make
sure that they are deeper than 5% of the continuum and not
significantly blended with other lines. Lines contaminated by tel-
luric absorption or located in hydrogen line wings were removed
from the line list. The information about the selected line list is
presented in Table 3.

In Fig. 4, we show for the line list constructed for all elements
the LSD profiles of Stokes I, V , and diagnostic null. LSD profiles
were calculated in the velocity range of –30 to 30 km s−1 using
a step of 1 km s−1. The normalized Landé factor is 1.26, and
the normalized wavelength of 4914 Å. We followed the generally
adopted procedure of using the false alarm probability (FAP)
based on reduced χ2 test statistics (Donati et al. 1992, 1997):
the presence of a Zeeman signature is considered as a definite
detection (DD) if FAP ≤ 10−5 , as a marginal detection (MD) if
10−5 < FAP ≤ 10−3, and as a non-detection (ND) if FAP > 10−3.
The V spectrum exhibits a clear Zeeman feature, indicating the
presence of a magnetic field. Using Eq. (2), the mean longitudi-
nal magnetic field was calculated to be ⟨Bℓ⟩ = −226 ± 39 G. The
FAP is listed in Table 3.

4.3. Comparison of the measured and predicted magnetic
field strengths

In the recent study of Shi et al. (2020), it was suggested
that KIC 10685175 possess a strong magnetic field with a
dipole magnetic field strength of 6 kG. The theoretical pulsa-
tion model of Saio (2005) was used to compare the observa-
tions of KIC 10685175 with theoretical predictions. Following
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Table 3. Numbers of the lines in line lists and the mean longitudinal magnetic field calculated from different elements.

Element Number The mean The mean The mean The mean longitudinal FAP Detectable
of lines depth Landé factor wavelength (Å) Magnetic field (G)

All 208 0.49 1.26 4914 −226 ± 39 1.7 × 10−6 DD
Ca I 28 0.51 1.18 5358 −115 ± 57 0.011 ND
Cr II 20 0.46 1.20 4718 −398 ± 105 8 × 10−4 MD
Fe I 75 0.49 1.33 5009 −248 ± 47 6 × 10−6 DD
Fe II 21 0.61 1.14 4798 −254 ± 55 6 × 10−4 MD
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Fig. 4. The profile of Stokes V , diagnostic null, and I (from top to bot-
tom) calculated for KIC 10685175.

Stibbs (1950), and assuming a dipole magnetic field inclined by
an angle, β, to the rotation axis, a polar magnetic field can be
estimated through

Bℓ =
1
20

15 + u
3 − u

Bp(cos β cos i + sin β sin i cos(2πΦ)). (3)

The limb darkening coefficient, u = 0.5, was extracted from
Claret & Bloemen (2011), using log g = 4.5, Teff = 8000 K,
and a metallicity of Z = 0. The value Z was derived through
Z=10[Fe/H]×Z⊙, where [Fe/H]=−0.4 and Z⊙=0.02. Using the
mean longitudinal magnetic field strength, Bℓ = −226 ± 39 G,
determined in the rotational phaseΦ = 0.34, and the stellar incli-
nation and the magnetic obliquity, (i, β) = (60◦, 60◦), from the
pulsation model presented in Shi et al. (2020), we estimated the
polar magnetic field to be 4.8 ± 0.8 kG. This is compatible with
the theoretically predicted polar magnetic field of 6 kG within
3σ, supporting the theoretical model of Saio (2005).

5. Discussion and conclusion

Using two high-resolution spectroscopic spectra and one circu-
larly polarized spectrum, we have studied the stellar parameters
of the roAp star KIC 10685175 and measured its mean longitu-
dinal magnetic field strength. Compared to chemically normal
stars, KIC 10685175 exhibits chemical peculiarities such as an
overabundance of Eu and Nd that is typical of magnetic Ap stars.
The Fe lines, however, appear to be weaker than in other Ap stars
with similar fundamental parameters.

Due to the lower number of available spectra, it is difficult
to conclude whether chemical spots are present on the stellar
surface. An inhomogeneous surface element distribution can
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Fig. 5. LSD Stokes I profiles calculated for all three available obser-
vations using all lines. The rotation phase is marked at the top of each
panel.

be explored by considering the differences in magnetic field
strengths obtained using line lists constructed for different ele-
ments. Assuming a dipolar magnetic field configuration, if a
stronger mean longitudinal magnetic field is measured in the
lines of a specific element, we can conclude that this element
tends to form a spot closer to the magnetic pole. The results of
the LSD technique applied to the line masks for Ca I, Cr II, Fe I,
and Fe II are displayed in Fig. A.1 and the results of our mea-
surements of the mean longitudinal magnetic field are presented
in Table 3. Unfortunately, due to the low number of unblended
lines belonging to the rare earth elements, no corresponding line
lists have been constructed. Hümmerich et al. (2018) classified
KIC 10685175 as A4V Eu. However, there are too few Eu lines
visible in the spectrum to construct an Eu line mask.

As we show in Table 3, only the mean longitudinal mag-
netic field using Fe I lines is definitely detected and the
result, Bℓ(Fe I)=−248 ± 47 G, is very close to the measurements
obtained using all lines. This is reasonable because the num-
ber of Fe I lines dominates the line list. For Ca I, we obtained
Bℓ(Ca I)=−115 ± 57 G, but the FAP indicates no detection. The
magnetic fields for Fe II (−254 ± 55 G) and Cr II (−398 ± 105 G)
are only marginally detected. The difference between the mag-
netic field strengths obtained for Cr II, Fe I, and Fe II is larger
than 1σ. It is probably due to the inhomogeneous distribution of
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these elements, but is not significant enough for us to come to a
solid conclusion.

Chemical spots on the surface of Ap stars usually cause
significant variability of the spectral line profiles over the
rotation period (Babcock 1958). To further test the possible
presence of chemical spots on the surface of KIC 10685175,
the LSD technique was applied for all three available observa-
tions to calculate the Stokes I profiles. Using the time zero-
point, T0=BJD 2 458 711.21391, and the rotation period, Prot =
3.1028 d, from Shi et al. (2020), both unpolarized spectra cor-
respond to the rotation phases 0.92 and 0.93, respectively, and
the polarized spectrum to the phase 0.34. For all three differ-
ent rotation phases, the Stokes I profiles calculated for the line
list containing all lines and those for the line lists constructed
for different elements are presented in Fig. 5 and Fig. A.2. We
also checked the Stokes I profiles for Nd and Pr, but only Nd III

6145 Å can be detected in all spectra. So, in Fig. A.2, we have
compared the profiles of Nd III 6145 Å directly without calcu-
lating LSD profiles. No significant changes in the LSD Stokes
I profiles are detected, although the profiles for Fe I calculated
for the phase 0.34 show slightly flat-bottom profiles compared
to those observed in other phases. As the rotation phase cov-
erage of our data is rather poor, additional observations are
needed to permit us to come to any conclusions about the surface
inhomogeneous element distribution.

Despite the fact that magnetically split lines were not
detected in our spectra, under the assumption of the dipolar
topology of the global magnetic field, the strength of the mea-
sured mean longitudinal magnetic field, ⟨Bℓ⟩ = −226 ± 39 G,
in combination with the already known stellar inclination and
the magnetic obliquity, suggest that the polar magnetic field is
4.8 ± 0.8 kG. This polar field strength is consistent with the field
strength predicted by the theoretical model of Saio (2005).
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Appendix A: Additional figure
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Fig. A.1: Same as Fig. 4 but for different elements.
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Fig. A.2: Same as Fig. 5 but for different elements. The rotation phase is marked at the top of each panel. For Nd III, the intensity profiles of
6145.07 Å are directly compared, instead of calculating LSD profiles.
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