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Abstract

We present follow-up imaging and spectroscopic observations of the exoplanet
host star y Cep A, and of its low-mass stellar companion y Cep B. We used the
lucky-imager AstraLux at the Calar Alto observatory to follow the orbital motion
of the companion around its primary, whose radial velocity (RV) was determined
with spectra of the star, taken with the Echelle spectrograph FLECHAS at the
University Observatory Jena. We measured the astrometry of the companion
relative to the exoplanet host star in all AstraLux images and determined its
apparent SDSS i’-band photometry, for which we obtained i’ = 9.84 + 0.17 mag.
Using stellar evolutionary models and the Gaia parallax of the exoplanet host
star, we derived the mass of y Cep B to be 0.39 + 0.03 M. This is in good agree-
ment with the mass of the companion that we derived from its near-infrared
photometry given in the literature. With the detection limit reached in our
AstraLux images, we explored the detection space of potential additional com-
panions in the y Cep binary system. In the background limited region at angular
separations larger than 5 arcsec (or 69 au of projected separation) companions
down to 0.11 Mg, are detectable around the bright exoplanet host star. The radial
field of view, fully covered by our AstraLux observations, exhibits a radius of 11.2
arcsec. This allows the detection of companions with projected separations up to
155 au. However, except for y Cep B, no additional companions could be imaged
with AstraLux around the exoplanet host star. We redetermined the orbital solu-
tion of the y Cep binary system with the new AstraLux astrometry of y Cep B
and the additional radial velocities of y Cep A, obtained from our FLECHAS
spectroscopy of the star, combined with astrometric and RV data from the lit-
erature. The determined Keplerian orbital elements were used to derive the
system parameters and to calculate specific future ephemeris for this intriguing
exoplanet host binary star system.
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Data here reported were acquired at Centro Astrondémico Hispano Aleman (CAHA) at Calar Alto operated jointly by Instituto de Astrofisica de
Andalucia (CSIC) and Max Planck Institut fiir Astronomie (MPG). Centro Astronémico Hispano en Andalucia is now operated by Instituto de Astrofisica
de Andalucia and Junta de Andalucia. Based on observations obtained with telescopes of the University Observatory Jena, which is operated by the
Astrophysical Institute of the Friedrich-Schiller-University.
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1 | INTRODUCTION

The third brightest star in the northern constellation
Cepheus, y Cep (alias HD 222404, or HIP 116727), is a
nearby (sub)giant, which is visible to the naked eye (G ~
2.9 mag, D ~ 13.8 pc, SpT = K1III-1V, Gaia Collaboration
et al. 2021; Keenan & McNeil 1989). With precise radial
velocity (RV) measurements, Hatzes et al. (2003) could
detect a jovian exoplanet, which revolves around this star
on a 2.5-year orbit (a ~ 2 au), and has a minimum mass,
which is about 1.7 times the mass of Jupiter in our solar
system. Furthermore, the exoplanet host star y Cep itself
was identified to be the primary component of a binary sys-
tem. The stellar multiplicity of the star was first reported
by Campbell et al. (1988), who found a decrease of its
RV of about 0.26kms™! year~! within a range of time
of 6 year, indicating that y Cep is a single-lined spectro-
scopic binary with an orbital period of several decades. The
first spectroscopic orbital solution for this binary system
was then derived by Griffin et al. (2002) with RV mea-
surements, which were taken in a span of time of more
than 100 years. Torres (2007) constrained this orbital solu-
tion by using beside the RV data from Griffin et al. (2002)
also additional observational data of the star, which he
compiled from the literature, as well as new RV measure-
ments of y Cep, which he derived from available archival
spectra. Eventually, Neuhduser et al. (2007) could directly
detect the secondary y Cep B next to the exoplanet host
star using adaptive optics and seeing limited imaging in
the near-infrared. In three observing epochs in 2006, the
angular separation (p) and the position angle (PA) of the
stellar companion relative to its primary could be mea-
sured, which allowed a further refinement of the orbital
solution of the y Cep binary system and of its parame-
ters (semi-major axis and dynamical masses of its com-
ponents). Furthermore, in the taken images, the infrared
photometry of y Cep B was determined, which can be used
for an independent mass estimation of the companion
with stellar evolutionary models (see Section 2).
According to the orbital solution, derived by
Neuhéuser et al. (2007), the y Cep system is an eccentric
(e = 0.4112+0.0063) binary with a semi-major axis of
20.18 + 0.66 au, which makes it one of the closest known
exoplanet host multiple star systems with an exoplanet
orbiting one of its components. As listed in the Extrasolar
Planets Encyclopaedia® (Schneider et al. 2011), currently
only about a dozen of these systems (a < 20 au) are known.
Hence, y Cep is an intriguing system to test models for
planet formation in close binaries and models that char-
acterize the long-term orbital stability of planets in these

Thttp://exoplanet.eu/planets_binary/.

systems. In a case like that of y Cep, the planet-bearing disk
around the primary star gets truncated at about 5 au by the
gravitational impact of the secondary star (Jang-Condell
et al. 2008), which also can significantly influence the
disk properties, for example, its morphology, temperature
and density distribution, or the relative velocity of col-
liding planet-forming planetesimals (see e.g., Marzari &
Scholl 2000; Mayer et al. 2005). Hence, the planet forma-
tion in this system is limited to the vicinity of the exoplanet
host star, which also holds for the region of long-term
stable orbits around the star (aplanet < Qcritical, defined by
Holman & Wiegert 1999, with acitica; = 3.85 + 0.38 au, as
determined by Neuh&user et al. 2007).

According to the orbital solution of the y Cep binary
system from Neuh&user et al. (2007), after 2013.5, the sec-
ondary should be separated from the bright exoplanet host
star by more than 1.4 arcsec, which makes it detectable
also for telescopes of the 2 m-class using high contrast or
seeing enhanced imaging techniques. In order to further
follow the orbital motion of y Cep B around its primary,
we have added the star to the target list of our multiplic-
ity study of exoplanet host stars (whose first results are
described by Ginski et al. 2016; Ginski et al. 2012), carried
out with the lucky-imager AstraLux (Hormuth et al. 2008),
which is operated at the Cassegrain focus of the 2.2 m
telescope of the Calar Alto Observatory in Spain. Fur-
thermore, we have obtained additional RV measurements
of y Cep in the course of the Grof3schwabhausen (GSH)
Binary Survey (see e.g., Bischoff et al. 2017; Mugrauer
et al. 2017) using the Echelle spectrograph FLECHAS
(Mugrauer et al. 2014), which is installed at the Nasmyth
focus of the 0.9 m telescope of the University Observa-
tory Jena. In the following two sections of this paper, we
describe our AstraLux and FLECHAS observations, and
present new astrometric measurements of y Cep B, as well
as RVs of the exoplanet host star. These measurements
combined with additional observational data, compiled
from the literature, were used to determine a new orbital
solution of the y Cep binary system, which is presented in
the final section of this paper.

2 | ASTRALUX OBSERVATIONS

In the course of our multiplicity study of northern exo-
planet host stars, carried out at the Calar Alto Observatory
in Spain, y Cep was observed in the SDSS i’-band (Fukugita
et al. 1996) with AstraLux in five nights between 2014 and
2020. Details of the observations are summarized in the
AstraLux observing log, which is shown in Table 1.

For the calibration of our AstraLux imaging data, we
took dome- and sky-flats in the evening and/or morning
twilight of each observing night. Darkframes were always
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TABLE 1 AstraLux observing log flat fielding), followed by the measurement of the Strehl

DIT Seeing ratio reached in the individual images using the bright exo-

ObsDate Nprames (ms) TIT (s) X  (arcsec) planet host star as Strehl probe. The images were sorted

August 21,2014 20,000 15.01 300 1.33 1.1 by their Strehl ratio and only the 10% of all images, which

August 27,2015 25000 1251 313 132 11 exhibit thg highest Strehl r.atlosi were selected, reg.lstered,

October 26. 2016 10.000  29.54 29 L3 10 and combined. For the registration of the selected images,

ctober 26, ’ S > 321 the position of the brightest pixel in the speckle pattern
October 30,2017 25,000 29.54 739 141 1.5

September 5,2020 50,000 30.00 1500 1.32 0.8

Note: For each observing date (ObsDate) the number of frames (Ngrames)s
the used detector integration time (DIT), the resulting total integration
time (TIT) on target, as well as the average airmass (X) and atmospheric
seeing during the observations are listed.

taken directly before and in the same imaging setup, as
used for the scientific observations. In each observing
epoch, several thousand short integrated images of y Cep
were taken with AstraLux with detector integration times
(DIT), which range between 15 and 30 ms. These images
were reduced with our lucky-imaging pipeline, which per-
forms the standard data-reduction (dark-subtraction, and

of the exoplanet host star was determined in all images,
which were then shifted accordingly, and was eventu-
ally averaged to the final fully reduce image. Detail views
on the reduced AstraLux images of all observing epochs,
center on y Cep A, are shown in Figure 1.

For the astrometrical calibration of the AstraLux
detector, we observed in each epoch the -central
region of the globular cluster M 15 (center coordi-
nates of the astrometric calibration field: RA(J2000) =
21P29™58%, Dec(J2000) = +12°09'56"). At this position
in the sky, several dozens of stars are detected, for which
accurate astrometry is available in the early version of the
third data release (EDR3) of the ESA-Gaia mission (Gaia
Collaboration et al. 2021). The used astrometric reference
stars are homogenously distributed over the Astralux

FIGURE 1

Detail views of our fully reduced AstraLux i’-band images, which show a field of view of 5.6 arcsec X 5.6 arcsec, centered

on the exoplanet host star y Cep A. The stellar companion y Cep B, located southwest of the star, is marked with a white arrow in each image.

The point spread function (PSF) of the bright exoplanet host star is subtracted in all images, which are also high pass filtered
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TABLE 2  Astrometrical Calibration of the AstraLux detector TABLE 3 The AstraLux astrometry of the companion y Cep
X B relative to its primary
ObsDate PS (mas/pixel) DPA (°)
August 21, 2014 46.844 +0.030 ~1.87 +0.02 oo (E7a) (e L)
August 27, 2015 46.868 +0.015 —1.62+0.05 2014.6357 1.441 £0.011 226.05 +0.41
October 26, 2016 46.873 +0.038 ~1.94 +0.06 2015.6522 1.517.£0.011 22389 £041
October 30, 2017 46.871 = 0.035 ~0.28 +0.02 2016.8216 1.603 +0.014 220.32 £049
September 5, 2020 47.546 +0.016 ~3.15+0.02 UL G52 5Lty 2L =02
2020.6795 1.787 £0.007 214.60 +£0.23

Note: For each observing date (ObsDate) the determined pixel scale (PS) and
detector position angle (DPA) are listed.

field of view (24 arcsec x 24 arcsec), and exhibit G-band
magnitudes in the range between 12.5 and 15.5 mag, and
a positional uncertainty of only 0.23 mas, on average. In
order to check the astrometrical stability of the instrument
throughout an observing run in addition wide binaries
(HIP 59585, HIP 72508, or HIP 80953) were observed in
the individual nights. The determined astrometrical cal-
ibration of the AstraLux detector is summarized for all
observing epochs in Table 2.

The astrometry and photometry of the exoplanet host
star were measured in the reduced AstraLux images, and
those of the companion in the PSF subtracted images.
The PSF subtraction was achieved via the roll-subtraction
technique, as described by Ginski et al. (2014). With the
software ESO-MIDAS (Banse et al. 1983), we determined
the positions of both objects in the AstraLux images via
Gaussian fitting, and their instrumental magnitudes with
aperture photometry. The obtained astrometry of y Cep B
relative to the exoplanet host star is summarized for all
observing epochs in Table 3. The orbital motion of the com-
panion relative to its primary is clearly detected in our
AstraLuximages. Within about 6 years of epoch difference,
the angular separation of the companion significantly
increased by 0.346 +0.013 arcsec, while its PA decreased
by 11.5 + 0.5°. This is in good agreement with the expected
variation of both parameters (Ap = +0.345arcsec, and
APA = —11.2°), derived with the orbital solution of the y
Cep binary system from Neuh&user et al. (2007).

The magnitude difference between y Cep B and its
primary, as measured in all AstraLux images, is Al =
7.11 £ 0.17 mag. With the apparent magnitude of y Cep
(i = 2.73 £ 0.04 mag, Ofek 2008), this yields the appar-
ent magnitude of the companion of i/ = 9.84 + 0.17 mag.
With the Gaia EDR3 parallax of the exoplanet host star
(z# = 72.517 +0.147 mas, Gaia Collaboration et al. 2021),
the absolute magnitude of y Cep B can be determined, for
which we obtained My = 6.6 + 0.2 mag. At the age of the
y Cep system (6.6725 Gyr, Torres 2007), this absolute mag-
nitude is consistent with a low-mass stellar companion
with a mass of 0.39 +0.03 Mg, derived with the stellar

Note: For each observing date (ObsDate) the angular separation (p), and the
position angle (PA) of the companion are listed.

evolutionary models from Baraffe et al. (2015). Thereby,
we applied the empirical color transformations from Jordi
et al. (2006), to derive the absolute i’-band magnitudes
of low-mass stars, whose properties are characterized by
the used stellar evolutionary models. Furthermore, we
selected the 8 Gyr isochrone of the models, which is the
closest one to the given age of y Cep. It should be men-
tioned that the derived mass estimate of the companion
does not significantly vary for ages between 6 and 10 Gyr,
that is, within the range of age adopted for the exoplanet
host star, because the magnitude of low-mass stellar com-
panions, such as y Cep B, does not significantly change
at ages of several Gyr. The mass of the companion, deter-
mined with our AstraLux photometry, is in good agree-
ment with the mass of y Cep B, derived from its Ks-band
photometry Ks = 7.3 + 0.2 mag, determined by Neuh&user
et al. (2007). Using the Gaia EDR3 parallax of the exo-
planet host star, we obtained an absolute Ks-band magni-
tude of the companion of Mg = 6.60 + 0.20 mag, which
yields a mass of 0.36 +0.04 M. Hence, both the optical
and near-infrared photometry of y Cep B are consistent
with a low-mass main-sequence star, which is located at
the distance of the exoplanet host.

The detection limit reached in our Astralux
lucky-imaging observations is illustrated in Figure 2.
Therein the projected separation is derived with the Gaia
EDR3 parallax of the exoplanet host star and the angular
separation to the star, shown on the bottom axis of the
diagram. The mass of detectable companions is derived,
as described above, with the apparent magnitude (shown
on the left axis of diagram), adopting again an age of 8
Gyr. In the background limited region around the bright
exoplanet host star beyond about 5 arcsec (or 69 au of pro-
jected separation) a limiting magnitude of i’ = 13.3 mag
is reached, which allows the detection of low-mass stellar
companions down to 0.11 Mg.

Companions with angular separations up to 17.3 arcsec
(238 au of projected separation) are detectable in our
AstraLux images. The radial field of view, fully covered
by the AstraLux observations, exhibits an angular radius
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FIGURE 2 The projected separation [aul
o 7 21 34 48 62 76 =155
(S/N = 3) detection limit, (238)
reached in our AstraLux i’-band
images of y Cep, plotted versus 4r 1
the angular separation (bottom 5 0.98
axis), and projected separation '
(top axis) to the exoplanet host 6l lo.85
star, respectively. The maximal
separation of companions, 7 10.73
detectable in our AstraLux g "o
images, is given on the right top E 8 1062 =
. B 0
and bottom. The values in o ol los0 @
brackets are the maximal a) IS
. n I yCepB
separations of detectable 10+ 40.36
companions in the AstraLux
images. The values without 11r 1024
brackets are the radius of the
: 12} J0.16
field of view around the
exoplanet host star, which is 13} 0.11 M4 {012
completely covered byour [T TTTTOTTTTOTTITTTTOTT IO T I T IIOTTTTT
Astrallux observations 00 05 10 15 25 30 35 40 45 50 55 60 657 (1117-23)
p (arcsec) '
of 11.2 arcsec, which allows the detection of companions ~ | ABLE 4 FLECHAS observing log
with projected separations up to 155 au. Beside y Cep B no ObsDate Nopees DIT(s) TIT(s) SNR X
additional companion-candidate could be detected in our
. March 25, 2020 3 150 450 640 1.58
AstraLux images around the exoplanet host star. In par-
ticular, no other companions were found with projected SO s 2 12 ) US| N
separations smaller than about 73 au, which is the clos- November 20,2021 3 150 450 696 1.14

est long-term stable circumbinary orbit in the y Cep binary
system, calculated with the dynamical stability criterion
from Holman & Wiegert (1999) using the system param-
eters (a, e as given above, mass(4) = 1.4 + 0.12 My, and
mass(B) = 0.409 + 0.018 M), determined by Neuh&duser
et al. (2007).

3 | FLECHAS OBSERVATIONS

In addition to our lucky-imaging observations of y Cep,
we also took follow-up spectra of the exoplanet host star,
to measure the current RV of the star. We observed y Cep
in the course of the ongoing GSH Binary Survey, which
is carried out with the Echelle spectrograph FLECHAS at
the 0.9 m telescope of the University Observatory Jena.
The exoplanet host star was observed in three observing
epochs between end of March 2020, and end of Novem-
ber 2021. In all observing nights three spectra of the star,
each with an integration time of 150s, were taken in the
1 X 1-binning mode of the FLECHAS detector, to reach the
maximal resolving power of the instrument (R ~ 9300).
Directly before the spectroscopy of y Cep always three
arcs (spectra of a ThAr-lamp), and three flats (spectra of a
tungsten-lamp) were taken, each with an integration time

Note: For each observing date (ObsDate) we list the number of taken spectra
(Nspecs)» the detector integration time (DIT) of the individual spectra, the
resulting total integration time (TIT) on target, the reached signal-to-noise
ratio (SNR) in the fully reduced spectra at a wavelength of 6500 A, as well as
the average airmass (X) during the observations.

TABLE 5 The RVsofy Cep, obtained from our FLECHAS
spectroscopy of the exoplanet host star
ObsDate (year) RV (kms™)
2020.2329 —42.05 +0.14
2020.6871 —42.22 +0.14
2021.8873 —42.01 +0.14

of 5s for wavelength-, and flatfield-calibration, respec-
tively. Furthermore, in each observing night, three dark
frames of all used DIT were taken for dark-subtraction.
Further details of the FLECHAS observations are summa-
rized in the observing log in Table 4.

The data-reduction was performed with the FLECHAS
software pipeline (Mugrauer et al. 2014), which includes
dark-subtraction, flatfielding, order extraction, wave-
length calibration of the individual spectra, and their com-
bination to the fully reduced spectrum of the star. The
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obtained FLECHAS spectra of y Cep are all well exposed
and exhibit on average a signal-to-noise ratio of SNR = 690,
at a wavelength of 6,500 A. We determined the RV of y
Cep with Doppler’s law by measuring the wavelength of
the cores of the most prominent Hydrogen lines (H,, Hy,
and H, ), detected in the FLECHAS spectra of the star, and
comparing them with the laboratory wavelengths of the
Balmer lines. The obtained RVs of y Cep are summarized
in Table 5.

The RV of y Cep does not significantly change within
the given epoch difference and we obtained an aver-
aged RV of —42.09 +0.09 km s~!, which is in good agree-
ment with the expected RV of the exoplanet host star of
—42.02kms™!, as calculated with the orbit solution from
Neuhdiuser et al. (2007) for the mid-time of the FLECHAS
spectroscopic observations.

4 | NEW ORBITAL SOLUTION FOR
THE y CEP BINARY SYSTEM

As described in the last section, the RV measurements of
y Cep, obtained from our FLECHAS spectroscopy of the
exoplanet host star, are in good agreement with the orbital
solution of this binary system, presented by Neuh&user
et al. (2007).

In contrast, our AstraLux astrometry of y Cep B, pre-
sented in Section 2, significantly deviates from the orbital
solution of Neuhduser et al. (2007). As shown in Figure 3

TABLE 6
the y Cep binary system ( sze 4 = 1.0, based on 8 astrometric and

Keplerian elements of the new orbital solution of

310 RV measurements), together with its derived parameters

Keplerian orbital elements
a (arcsec) =1.419+0.012

e = 0.4144 + 0.0066
i(°)=120.18 +0.27
Q(°)=18.32+0.78

®(B) (°) = 340.49 +0.50

P (year) = 66.84 +1.32

T (year) = 1991.581 + 0.048

K (kms') =1.898+0.014

y (kms?) =-42.989+0.027
Derived system parameters
a (au) =19.56 +0.18

f(mass) (Mg) = 0.01303 +0.00041
mass(A) Mg) = 1.294+0.081
mass(B) (Mg) = 0.384 +0.013

for all AstraLux observing epochs the angular separation of
y Cep B to the exoplanet host star is smaller (on average by
about 37 mas) than predicted by the orbital solution from
Neuhiuser et al. (2007). This deviation of the measured
and predicted angular separation of the companion is sig-
nificant on the 3.9 ¢-level on average, clearly indicating

T I T I T I T I T I T I T I ]
1.85 |- T
1.80 |- g .
I (3 ]
1.75 - el .
170 | /// .
o /// m
o 165 - e ¢ .
S //
8 - < 1
@ 160 | 8 i
1.55 /// T FIGURE 3 Theangular
r // E 1 separation of y Cep B to its
1.50 |- 7 — primary, as measured in all
-7 . AstraLux images, plotted
1.45 -~ - versus time. The predicted
L E ] angular separation of the
1.40 L 1 . 1 . | ) | A | A | A | companion according to the
2014 2015 2016 2017 2018 2019 2020 2021 orbital solution from

time (year)

Neuhiuser et al. (2007) is
shown as a black dashed line
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FIGURE 4
solution of the y Cep binary system
(black solid line) together with the
solutions from Torres (2007) and
Neuhduser et al. (2007), which are
shown as a black dotted and dashed
line, respectively. All astrometric

Top: The new orbital

measurements of y Cep B, used to
determine the new orbital solution, are
plotted with their positional

ADec (arcsec)

uncertainties. The apside line of the
binary orbit is illustrated as a black
dash-dotted line and its line of nodes
with the ascending node Q labeled, as
black solid line. Bottom: Detail view on
the astrometric data of y Cep B and the

orbital solutions, plotted in the same
way as in the top panel. The astrometric
measurements from Neuhduser

et al. (2007) are located in the top left

corner, our five AstraLux measurements
are in the lower right corner of the
diagram, respectively. The black and
gray circles on the orbits indicate the
expected positions of the companion at
the individual observing dates

ADec (arcsec)

-
| L | | — |

-0.85

that a redetermination of the orbital solution of the y Cep
binary system is necessary.

For the calculation of a new orbital solution of the
y Cep binary system, we used the relative astrometry of
y Cep B from Neuhduser et al. (2007), as well as our
AstraLux astrometry of the companion, that is, eight astro-
metric measurements in total. In addition, we included
in the orbit calculation our new FLECHAS RVs, as well
as those compiled by Torres (2007). Hence, in total, we
have 310 RV measurements of y Cep, which are illustrated
in Figure 5. The spans of time, covered by the astromet-
ric data of the companion relative to its primary and by
the RVs of the exoplanet host star, which were used for

-0.90 -0.95 -1.00 -1.05
ARA (arcsec)

the orbit determination of the y Cep binary system, are
14 years (from 2006 to 2020) and 125 years (from 1896 to
2021), respectively.

By taking into account all astrometric and RV measure-
ments inclusive their individual uncertainties we com-
puted a combined orbital solution of the y Cep binary
system, using the code ORBITX (Tokovinin 1992), which
utilizes the Levenberg-Marquardt method to solve for all
the Keplerian elements of the best fitting orbital solution.
These elements are: the orbital period (P), the time of peri-
astron passage (T), the semi-major axis (a) and eccentricity
(e) of the orbit of the binary system, its inclination (i) to
the plane of sky, the longitude of the ascending node (L),
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-39 T T T T T T T T T FIGURE 5 TheRV
- 1 measurements of the exoplanet
-40 - - host star, plotted versus the orbital
- g phase of the y Cep binary system,
—41 - — together with the new orbital

RV (kms™)
&
I

g solution, presented here, and the
— one from Neuhiuser et al. (2007),

i which are shown as black solid,

- and dashed line, respectively. The
J FLECHAS RVs are plotted as black
] filled circles and those from

J Torres (2007) as gray filled circles

0.0 0.2 0.4 0.6
Phase

the argument of periastron (), the RV semi-amplitude
(K) of the exoplanet host star, as well as the systematic
RV (7).

The Keplerian elements of the redetermined orbital
solution of the y Cep binary system are summarized
in Table 6. The orbit fit exhibits a reduced y2-value
of ;(rze 4 = L.0, that is, all astrometric and RV data agree
well within their uncertainties with Keplerian motion, as
expected.

The new orbital solution of the y Cep binary sys-
tem is plotted together with all astrometric and RV mea-
surements, used for the orbit fitting, in Figures 4 and 5,
respectively.

We used the determined Keplerian elements of the best
fitting orbital solution to derive the parameters of the y
Cep binary system, which are summarized in Table 6. The
semi-major axis of the binary system was determined with
its apparent semi-major axis and the Gaia EDR3 paral-
lax? of the exoplanet host star. The mass-function f(mass)

>The Gaia EDR3 parallax of y Cep (z = 72.517 + 0.147 mas) agrees well
with previous parallax determinations of the star, for example,

& =72.5+0.52 mas (Perryman et al. 1997), = = 72.05 + 0.50 mas
(Kharchenko 2001), or = = 72.69 + 0.41 mas (Neuhduser et al. 2007), but
is more accurate than these. Nevertheless, the astrometric six-parameter
solution of y Cep, listed in the Gaia EDR3, exhibits a renormalized unit
weight error (RUWE) of 3.212, indicating the multiplicity of the star in
its astrometry, although it is not resolved by Gaia. We should note that y
Cep also has G <6 mag, a brightness limit below which special and
experimental position extraction is required. This could partially explain
the higher RUWE. Furthermore, the given astrometric solution is not

0.8 1.0

of the system was calculated with its eccentricity and
orbital period, as well as with the RV semi-amplitude of
the exoplanet host star. The inclination and mass-function
of the binary system yield the dynamical masses of its
components. The derived dynamical mass of y Cep A
(1.294 +0.081 M) is in good agreement with the mass
of the star 1.18 +0.11 M, determined by Torres (2007),
using stellar evolutionary models and the determined
absolute V-band magnitude and effective temperature of
the exoplanet host star. The dynamical mass of y Cep B
(0.384 +0.013 My,) is consistent with our mass estimates
of the companion, derived with its i’- and Ks-band pho-
tometry, 0.39 + 0.03 Mg, and 0.36 + 0.04 M, respectively.
According to the new orbital solution of the y Cep binary
system, presented in this paper, y Cep B will reach its
apocenter at the end of 2024 and its angular separa-
tion to the exoplanet host star will increase until early
2029, when it will exhibit an angular separation of about
1.97 arcsec. In particular, the companion will be separated
from its primary by more than 1.4 arcsec until 2043 and

definite and exhibits a significant astrometric excess noise of 1.235 mas.
If we conservatively consider this noise as an additional uncertainty of
the parallax of the star, this increases the uncertainties of the derived
system parameters. In this case, the uncertainties of the dynamical mass
of the companion, of its primary, as well as of the semi-major axis of the
y Cep binary system, increase by factors of 1.5, 1.6, and 2.3, respectively.
In contrast, the uncertainty in the photometric mass estimate of the
companion is dominated by the photometric uncertainty and is
therefore not appreciably altered by the assumed increased parallax
uncertainty of the exoplanet host star.
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hence remain observable by then with telescopes of the
2 m-class or slightly below, using diffraction-limited or see-
ing enhanced imaging techniques, as was demonstrated
with our AstraLux observations, presented here. The com-
ponents of the y Cep binary system will pass through
their next pericenters in mid of 2058. About three and a
half years before that the exoplanet host star will reach
its strongest acceleration in the radial direction of about
—0.36 km s~! year~!. In the years before or after that date,
RV monitoring is most suitable to follow the change of the
RV of y Cep. In particular, high precision RV data taken
from now until 2048 (Phase ~ 0.85), which cover the range
of orbital phase where currently no accurate RVs are avail-
able, are very useful for further constraining the orbital
solution of the y Cep binary system. The same holds for
astrometric observations to be carried out in the upcoming
years, because the astrometric orbit of y Cep B is covered
so far only with a few data points. Therefore, during the
next years, we plan further follow-up high contrast AO,
lucky-imaging, as well as spectroscopic observations of the
y Cep binary system.
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