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ABSTRACT

Context. Binaries in double-lined spectroscopic systems (SB2)idema homogeneous set of stars. Biences of parameters, such
as age or initial conditions, which otherwise would haversty impact on the stellar evolution, can be neglected. Treemed

di erences are determined by the elience in stellar mass between the two components. The @i@ssan be determined with
much higher accuracy than the actual stellar mass.

Aims. In this work, we aim to study the eccentric binary system K163796, whose two components are very close in mass and
both are low-luminosity red-giant stars.

Methods. We analyse four years d&epler space photometry and we obtained high-resolution specpyswith the Hermesnstru-
ment. The orbital elements and the spectra of both compswegrte determined using spectral disentangling methodseTéctive
temperatures, and metallicities were extracted from tismed spectra of the two stars. Mass and radius of the pyimere de-
termined through asteroseismology. The surface rotateiog of the primary is determined from théepler light curve. From
representative theoretical models of the star, we derikiedriternal rotational gradient, while for a grid of modefse measured
lithium abundance is compared with theoretical prediction

Results. From seismology the primary of KIC 9163796 is a star of 1.896 M , while the spectroscopic mass ratio between both
components can be determined with much higher precisionpbgtsal disentangling to be 1.016.005. With such mass and a
di erence in eective temperature of 600 K from spectroscopy, the secgratad primary are, respectively, in the early and advanced
stage of the rst dredge-up event on the red-giant brancle. @ériod of the primary's surface rotation resembles théairperiod
within 10 days.The radial rotational gradient between tiréase and core in KIC 9163796 is found to be'§ This is a low value
but not exceptional if compared to the sample of typical leingld stars. The seismic average of the envelope's rotetigrees with
the surface rotation rate. The lithium abundance is in agese with quasi rigidly-rotating models.

Conclusions. The agreement between the surface rotation with the seresutt indicates that the full convective envelope is intat
quasi-rigidly. The models of the lithium abundance are catilpfe with a rigid rotation in the radiative zone during thain sequence.
Because of the many constraintsased by oscillating stars in binary systems, such objeetgnaportant test beds of stellar evolution.

Key words. Stars: solar-type stars: rotation stars: oscillations binaries: spectroscopicstars: individual: KIC 9163796, KIC 4586817

1. Introduction masses for objects that are not members of a stellar clusger o
. - L binary system. An overestimated mass leads to an undesgstim
Rotation, activity and the surface abundance of lithium 8t&& ¢ the stellar age (e.gkippenhahn, Weigert, & Weiss 2013
are subject to its internal structure and evolution (SIngginic_h Salaris & Cassisi 20Q5and referenc;as therei,n). For red-giant
1972. The key parameter to understand stellar evolution is t8g;,s the current uncertainty is typically better th&0% (e.g.
mass of the star. It is, however, challenging to determiakast Casagrande et al. 201ilva Aguirre & Serenelli 2016 Re-

? Based on observations made with tkepler space telescope andcent independent studies bjosser et al(2013, Epstein etal
the Hermesspectrograph mounted on the 1.2 m Mercator Telescope(zplz9 and Gaulme et al (201§ gave strong indications that

- ; : the seismic scaling relations for solar-like oscillatoesg(
the Spanish Observatorio del Roque de los Muchachos of #tiuito . . . )
de As?rofl’sica de Canarias. a Kjeldsen & Bedding 1995Chaplin et al. 201)lare overestimat-
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Fig. 1. Light curve of KIC9163796. The top and lower panels show thelight curve (Q0-Q17), smoothed with a Iter of 150 and 4yda
respectively. The synthetic light curve, depicted as sSajict grey line is calculated from the four signi cant fregucies from Tabl@. The time
base of the spectroscopic monitoring is indicated throbgthorizontal grey bar.

ing the stellar mass of red giants by about 15%. While theseuirr stars are at and that rotation rates derived from stellaotsp
precision of the seismic inferred mass is about 5%, doubk#| give higher values than seismology.

spectroscopic binaries (SB2) however allow us to constf®n |, this context, the abundance of the fragile element lithiu
ratio of mass between the two stellar targets with a much hlgkt?_ri) depends on rotation, mixing as well as on the depth
precision and accuracy than the masses of the two stellay CQJf'the convective zone and delivers good diagnostics for
ponents can be determined. Furthermore, both stars in §8€h giejar evolution for red-giant and main-sequence starg. (e
tems have the same age and initial composition _(unlessnaltrgl Zahn 19921994 Charbonnel et al. 1994ralon & Charbonnel
ing from a rare capturing event). Therefore, theatences found 1998 Lambert & Reddy 2004Castro et al. 20165uiglion et al.
between the stellar component of such system can be accbuBig) g geck et al. 2017dnd references therein). These detailed
to the di erence in mass. Indeed, this makes such systems @jgies have shown that for red-giant stars Li becomesasere
tractive targets to study rotation, mixing and stellar atioh in ingly depleted with decreasing ective temperature. The main
general. event of lithium-dilution is the rst dredge-up (FDU), whic
occurs at the bottom of the RGB, when the convective enve-

Due to the low small rotation rates and the typically low ad2P€ of the low-luminosity red-giant starts to deepen irite t
tivity level, surface rotation of red-giant stars is notarsly dif- Stér (6.gCharbonnel & Balachandran 2000his phase is, com-

cult to measure from photometry. They also often rotate topared to time scales of stellar evolution extremely shodtiais

slowly to be resolved by the rotational broadening of the afre to nd binaries where both components are undergoieg th

sorption lines, even with a high-resolution spectrographly ~PUY évent at the same time. However, it is still not fully un-
recently,Ceillier et al.(2017 has performed a consistent searc(:ﬁer_SIOOd why less than 1% of red giants exhibit large surface
amongst 17000Keplerred giants, from which they determined!thium abundances (seérown etal. 1989Liu etal. 2014. In
rotation periods for 360 stars, of which a large fraction could10S€ cases, the analysis highly bene ts from asteroseegyo

be binaries or mergers. Given the observational limitatjahe ©f réd-giantstars, by measuring mass as well as identifgiog
evolution of the surface rotation during the red-giant hizs Utionary stage (e.gSilva Aguirre et al. 2014Jofré et al. 201p

challenging to be monitored. Ironically, the rotation oé ttheep When studying aspects of stellar evolution, such as the
interior of red-giant stars is nhowadays much more stragghtf lithium abundance on a star-by-star basis, binary systems p
ward to measure. By means of seismoloBgck et al.(2012 vide an enormous analytical advantage. In contrast to compa
constrained the core-to-surface rotation rate of red giantl by ing two individual eld stars, the analysis of components of
analysing the average core rotation in a large set of redgiara double-lines spectroscopic binary system, which are horn
Mosser et al(2012a showed that stars in the red clump exhibithe same time from the same cloud (eSatsuka et al. 2017
slower core rotation than stars on the red-giant branch (RGBnd references therein) allows to eliminate many unceytain
Through inversion techniqueDéheuvels etal. 20122015 factors as the two stars are equal in age, initial composi-
Beck et al. 2014Di Mauro et al. 2016 Triana et al. 201); itis tion and starting conditions as well as the distance and in-
in principle possible to determine also the rotation ratdefup- terstellar absorption. The analysis of the eliences between
per layers. Such a result has, however, has never been ntedrothe two components of a binary system sheds light on pro-
with independently determined surface rotation ratesddrgi- cesses under the stellar surface, such as rotational moting
ants. On the main sequence, several studies have deriiadesutransport by gravity waves and initial conditions (efahn
rotation periods for several hundred sta@afcia et al. 2014a 1994 Charbonnel & Balachandran 200Debreton et al. 2001
McQuillan et al. 20131 Benomar et al(2015 found from as- Grundahl et al. 2008Appourchaux et al. 2015 chmid & Aerts
teroseismic inversion that the rotational gradients irastfpe 2016 and references therein). This is especially interesiing,
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ferences in mass have a substantial impact. ponents of the system KIC 9163796.
Around 50 binary systems with at least one oscillating red-

giant component were observed by the NAB&pler space BJD' ExpTime SN(Mg) RV1 RV2

telescope Borucki et al. 201 Stellar binarity of these objects [days] [s] [km's]  [kmi/s]
was indicated either through the presence of stellar exdips 6388.6218 750 50 -14.70 -8.16
(Gaulme et al. 20132014 2016 Beck etal. 2015a0r from 6392.6194 1250 65 -16.41  -4.34
the presence of tidally induced ux modulations during te p ~ 6415.6180 1200 70 -21.06 -0.19
riastron passageBéck et al. 201}t in the Kepler light curve. 6432.5633 1800 80 -21.62  0.30
Although all these objects were characterised throughraste ~ 6438.7131 600 50 -21.37 0.8
seismology. By now only three binaries with a red-giant com- 6454.6504 1800 85 -19.12 -2.01
ponent have been analysed in detail uslgpler photome- ~ 6457.7038 400 40 -1823  -2.75
try and ground-based spectroscopy, KIC 8410633kker et al. 6463.4188 600 40 -15.76  -5.47
201Q Frandsen et al. 20)3KIC 5006817 Beck et al. 201X 6469.5667 1800 80 -10.88 -10.88
and recently KIC 9246715awls et al. 2016 In another, study ~ 6472.4185 400 30 -7.35 -12.84
soon to appeaThemeRl et al (2017 present a reanalysis of ~ 6479.5045 1800 85 13.22 -34.67
KIC 8410637 from the full 4 years dfepler photometry and ~ 6481.4543 1800 90 2555 -47.66
extended spectroscopic monitoring and present a detailed a ~ 6483.4543 1800 60 4133 -63.22
ysis of KIC 6540750 and KIC 9540226. On the main sequence, 6485.5717 1800 80 4850 -71.13
several binary stars have been analysed, such as KIC 75103976488.4878 1800 75 3087 -53.19
(Appourchaux et al. 2095KIC 10124866 {Vhite et al. 201Yor 6506.3947 600 35 -11.92 -11.92
the system of 16 Cyg A&BNletcalfe et al. 2015Davies et al. 6510.6143 1200 556 -14.93 -7.19
2015 in which both components are oscillating. The red-giantor 6512.3816 600 40 -15.78  -6.00
sub-giant primaries of only few binary systems, Procydiau, 6515.5870 600 40 -17.09  -3.88
Herculi, were studied with seismology through the ground- 6524.5240 600 40 -19.54  -1.85
based observations, utilising high-resolution spectipgavith 6533.6284 600 40 -20.74  -0.44
a meter-per-second accuracyréntoft et al. 2008 Beck et al. 6535.4217 600 45 -21.03 -041
2015h Grundahl et al. 201, Fespectively). 6542.4943 600 35 -21.54  0.06
In this paper, we use photometric data from tkepler 6555.4203 600 50 -21.65 0.18
space telescope andeHnesground-based spectrograph (Sec- _6560.3886 600 50 -2137  0.02
tion2). A comprehensive analysis of the light curve (Secfipn ~ 7170.5893 1800 80 -21.03 -0.13
spectroscopy (Sectia), and the global asteroseismic parame- 7198.6549 1050 60 -10.19 -10.19
ters seismology for both stellar components (Secioand the 7239.5499 1800 80 -1526  -6.40

seismically determined radial rotational gradient in thienary . o . i
(SectiorB) of the binary system KIC 9163796 (TYC 3557 leé\lotes.The midpoint of the observation in the abbreviated baryaent
1, V=9.82mag) is prgseynted In Sect®mve discuss the ef- julian date, (BJD= BJD - 2450000.0), exposure times of each individ-

g . . 8 ual spectrum, the signal to noise at the échelle order 69 tlamdle-
fects of stellar activity on the primary. This system yieWsll- ;e radial velocities for the high (RV1) and small pro [8Y2) in the

constrained input parameters for the theoretical modgtifrthe  ¢ross correlation function. We adopt the 2hreshold of 140 s of the
mixing of chemical species, in particular of lithium (Sectv) night-to-night stability as the typical uncertainty of theeasurement.
and the tidal evolution of the system (Sect@)nFinally, the con- The horizontal line marks the beginning of the observatiorz015.
clusions of this paper are summarised in Secti@an

the secondary(index 2), respectively. Although the inclination
2. Observations cannot be determined precisely due to the lack of eclipbes, t
SB2 nature on the other side allows for the determinatiohef t
The binary nature of the system KIC 9163796 was rst reportefass ratiay, separation of the individual spectra of the compo-
by Beck et al.(2014 hereafter referred to as BHV14) from 8nents and therefore detail atmospheric diagnostics.
quarters ofKepler observations (Q, i.e. 90-day data segments).
BHV14 reported the detection of 18 binary systems, which ex-
hibit an ellipsoidal ux modulation during the phase of ads$ 2.1. Space photometry
encounter of the two stellar components (periastron). &&s's
are colloquially referred to akleartbeat starsa term coined The Kepler light curve of KIC9163796, depicted in Figute
by Thompson et al(2012. As most of the systems reported bycovers overs 1470 days (Q0-Q17) with a duty cycle higher than
BHV14, KIC9163796 is not eclipsing, though it exhibits alea90%. The light curves of individual quarters were extradteth
ellipsoidal ux modulation every 121.3days (Figutebottom the target pixel data followingloemen(2013 and stacked fol-
panel). This feature will be discussed in more detail in @& lowing Garcia et al(2011). Regular gaps originate from dump-
All systems were monitored with thegfimesspectrograph in ing the saturated angular momentum of the reaction wheels an
2013 by BHV14 and found to be eccentric with 0.2. 0.8. the interruptions from data download and spacecraft ral ar
From this sample, KIC 9163796 is one of the most interestimgmplicating the spectral-window function. These aliasg|fren-
systems from a spectroscopic point of view. Visual insppectif cies are dominating the high-frequent regime of the powecsp
the spectroscopic observations and the average line mréréen tral density in ppr¥ Hz (hereafter PSD) and if not corrected
cross correlation show that this system is an obvious deubfer, the low-amplitude oscillation signal is hidden by théw
lined spectroscopic binary (SB2). Throughoutthis papemnwi  dow function. To reduce these ects, data gaps of up to two
refer to the brighter and more massive component agrih@ary days in the light curve were lled through an inpainting tech
(or for parameters the index 1) and fainter, less massiveasta nique described bgarcia et al(2014H).
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Fig. 2. Analysis of the long periodic light curve modulation of KIC&B796 in the period range between 20 and 200 days. The el gapicts
the wavelet analysis of the full time series in period sp&eziod regions in the wavelet for which the window functistarger than the covered
time base are indicated through a grid pattern. The rightlpsttows the GWPS.

From a visual inspection of the individuléepler quarters, a Table 2. Long periodic variations found in KIC 9163796 from the
long periodic photometric variation becomes apparent(feig, vaveletand Fourier analysis.
top panel). To preserve this variation in the stacked liginve,

the individual quarters were stitched according to theipsland H  Frequency period phase Amplitude /NS
smoothed with a running triangular smoothing function hwét [ Hz]  [day] [ [ppm] [mmag]

width of 150days. This approach allows us to remove the 380¢; 0.088 13111

day ux modulation, originating from th&eplerorbit, but pre- w, 'w;2  0.168 694

serves the signature from spots and ellipsoidal modula®n f 0087 133.036 0335 129584 124 15.8
shown in the bottom panel of Figute To remove the spot sig- f, 'f,2 0163 70.827 0.316 3904.1 37 4.4
nal but preserve the ux modulation, originating from biitgr ¢ 0070 166.381 0.801 3781.9 36 40

a sec_ond _triangular Iter W_ith a width of 4 da_ys was used. Th@j ' fy 0.083 140.128 0.095 36905 35 45
resulting light curve containing spot modulations as wsltfze
‘unspotted’ version of the light curve, is shown in the topdanNotes. The number of modulation component from the wavelet analy-
bottom panel of Figurg, respectively. For both light curves thesis () and the Fourier decompositioi Xis given. The harmonic rela-
PSD is computed. We note that the amplitude of the osciliatition to other period components, frequency, period, phateraspect
signal is very small, so we can only detect the oscillatiag sito the zero point, the semi-amplitude in parts-per-millamd milli-

nature obtained with the inpainted data owing to the in@eagnagnitudes are reported. The nal column gives the sigoaidise of
signal-to-noise () ratio. the frequency, which was computed for each oscillation meidein a

frequency box of 0.1/d.

The raw data were reduced with the instrument specic

2.2. Ground-based spectroscopy pipeline. The radial velocities were derived through wéggh

cross-correlation of each spectrum with an Arcturus tetepla
We obtained 25 spectra spread over about 170 days in 201® best results are obtained by using the wavelength ragge b
(partly published in BHV14), and we revisited the system ifween 478 and 653 nm for the cross correlation. The response
2015 to take 3 additional spectra during about 70 days. Af the cross correlation function clearly shows a doublakee
spectra were obtained with thtigh E ciency and Resolution Structure with both peaks moving in anti phase, con rming th
Mercator Echelle SpectrograpfHermes Raskin et al. 201;1 SB2 nature of the system. For more details of the reduction
Raskin 2011 mounted on the 1.2 m Btcator telescope at the process as well as the observation of red-stars in binarits w
Spanish Observatorio del Roque de los Muchachos of the Instermes we refer toRaskin et al(2011) andBeck et al.(2014
tuto de Astrofisica de Canarias. The spectrograph has limgo 20158, respectively.
power of R 85000 and covers a wavelength range between 375
and 900 nm.

. T 3. Long periodic brightness variations
The journal of the observations is given in Tabl&xposure gp g

times were typically chosen to range between 600 and 1800 sebhotometric rotational variability is found only for a sinfahc-
onds and lead to &N of typically better than 40 in the range oftion of the red giants observed with thepler space telescope
the Mgi triplet ( 518 nm). The 8\ is measured from the gain(Ceillier et al. 201Y. KIC 9163796 is one of these rare cases and
corrected instrumental ux at the centre of thé"a€chelle order falls into the less-populated long periodic tail of the dizition

of Hermes which corresponds to the region containing the Mfipund by Ceillier et al.(2017. Over the course of a year a star
triplet. is observed by 4 dierent CCD detectors with varying system-
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atic properties, because teplertelescope is rotated at the end

of each quarter by 90 degrees to keep the solar cells poihted a 4o
the Sun. Therefore, intrinsic variations with periods lenthan

about 90 days can only be detected reliably if their ampdéitud 20 F
are strong enough. It has been shown@sillier et al. (2017
that fromKepler light curves, rotation periods up tal75 days
can be investigated.

The frequency analysis, depicted in the left panel of Figure
follows the approaches @arcia et al(2014b andCeillier et al.
(20179, using a wavelet decomposition with a Morlet mothe
wavelet. By collapsing this decomposition on the periods,ax
the so-called Global Wavelets Power Spectrum (GWPS) is pro-
duced, which is shown in Figugn the right panel. The GWPS 5 20 0 p p” 100 20
reveals signi cant power at periods of 1311 and 69 4 days
(seeTabl®), and is otherwise at. The reported uncertainty cor-
responds to the width of the peak pro le in the GWPS and Kg. 3. Radial velocities and orbital solutions for the primary ased-
partly governed by the temporal variation or the lifetimettoé  ondary components of KIC 9163796, depicted in blue and eshec-
spots. By using the program PeriodQ4efiz & Breger 2005 tively. Observations from 2013 are represented througs, ddtile ob-
we performed a Fourier decomposition through prewhiteniq%e.r"at'o.”s. from ?015 are malrk‘?d as d'a{.“O“dS- The dep'dmﬁ”mo'
and found four signi cant frequencies atNs 4 (Breger et al. te%’:tizr:?élrﬁ?; t(;OnTa?(?ﬁ(\:lyiﬁ] ?Azer?]?ggulpe%a;\?swastedlbyt €sys-
1993. The Fourier parameters of the extracted signi cant fre- '
quencies are reported in Tald@nd the resulting tis shown in
Figurel. A good agreement between the two elient analysis 14 the main photometric time scafe. Therefore, over the time,
techniques is found for the two dominant variation imeesal oyered by thkepler photometry, no phase shift of the pattern

The 130-day period of the main ux modulation is close {qs found, as it would be expected for spots on aedentially ro-
the binary orbital period of 120 days. Formally, the uncertaintytating surface. In a series of papelstsu et al(2017, and refer-
of the photometric period would agree with the orbital perio ences therein) suggested that, spots in chromospherazzlize
This measurement error however comprises mangmint ef-  single or binary stars are located in long-lived active itgs,
fects such as temporal variation of spots or instrumentetss. which are separated by180 degrees. In active stars, the spot
We note that GWPS and Fourier decomposition, two methogigtribution di ers with respect to the Sun, for which spots are
sensitive to di erent systematic noise sources, agree well on thgenly distributed in a band of latitude. The latitudinal elien-
rotation period (Tabl&). This period of 130days is also not atjg| rotation in these stars is probably weak and the change i
multiple of the quarter length of 90 days, as itwould be exgec the jight curve comes from the shift of activity between tve t
for instrumental periods (e.g>arcia et al. 2014Ceillier etal. regions. This explanation is in agreement with the the deubl
2017). Therefore, we consider this period to originate from thgeak structure, observed in the maximum. This picture is als
stellar signal rather than being an instrumental artefact. t by the 69-day modulation ( f1/2), which is likely produced

Di erential rotation is expected to have areet on the mea- py the apparition of spots or active regions on oppositesside
sured rotation period, since spots are not expected to l#eldc (McQuillan et al. 2013
exactly on the equator and therefore will not deliver the ac- as the solar and anti-solar scenarios of efiential surface
tual equatorial rotation period. For red-giant stars, fiyaolar- rgtation cannot explain the dérence between surface rotation
like pro les of di erential surface rotation have been detectgghq orpital period, and the 4 yearskdpler photometry do not
through Doppler-imaging. For examplijinstler etal.(2013 ingicate a strong level of derential surface rotation, we con-
discussed a solar-like latitudinal ddrential rotation prole at siger that the system is not synchronised. A surface rotato
the surface about 10 times weaker than in the Sun. However, ifiod of 130d is also a normal value when compared to other red
few cases also the detection of anti-solaratential rotation pro- giants Ceillier et al. 2017.
les were reported Kovari et al. 201p From the shear-factors™ 1o peak-to-peak amplitude of about 0.025 mag (Tapie
describing the dierential rotation, the solar-like case would givey 46 enough to be easily detectable from ground-based-mult
adi erence in the rotation period at the polex@ days with re- ¢ 6yr photometry using small-sized telescopes utilisingr-
spect to the equator. In the anti-solar case, the rotatidogef g photometric techniques to extend the lightcurvesfoot

the pole would be 5 days sho_rter than t_he one of the equator. ﬁfbdelling beyond the four years of data provided byKepler
both assumed types of rotation, the efence between surfaceyission. (e.gBreger et al. 20065aesen et al. 2010

rotation and orbital period does not lead to a satisfyingtimh.

From spectroscopy we know that the primary is substan-
tially brighter than the secondary (see following Sectpnit ; ;
can therefore be argued that the spots originate solely fhem 4. Spectroscopic analysis
primary, as it outshines the secondary. With periods at haed The visibility of both spectral components in the composiitec-
now can discuss the lightcurve variation in Figlirimn a more trum allows a full characterisation of their atmospherioper-
precise way. The periodic and well-de ned minima in the phdies, beside determination of their mass ratio. The spsctjic
tometric variation occur quite regularly with the main ptioiet- observations are well sampled over the orbital cycle (Takled
ric period of ( 133, f;). The shape of the maximum however iigure3). Therefore, we have optimal conditions to investigate
more complex, as it consists of a double-peak structureratye both components with spectroscopic tools. The radial eloc
the two peaks change their absolute and relative amplitude oties for both components were measured by tting two Gaus-
time. Only in cases where the rst maximum per cycle is lowesians to the double-peaked cross-correlation responsgidan
than the second, the photometric minimum is early with resp®f each spectrum. As error of the measurements, we adopt the

T

0+

elocity [km/s]

-20 +

Vi

—Radial

40 i

Orbital period [days]
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Table 3. Orbital solutions for KIC 9163796. ual spectra using a simplex algorithm. Due to possible imper
fections in the normalisation and merging of échelle orders

Parameter Unit spdof a long spectral segment can produce undulations in the
T [day] 850 disentangled spectra.
N [#] 28 The orbital elements were determined from disentangling
Porit (xed)  [day] 121.3 a 20nm wide segment at 520nm. We kept the orbital pe-
Tperi [day] ~ 2456485.530.03 riod xed to the value of 121.3d, reported by BHV14 from
F I 0.692 0.002 the autocorrelation of th&epler photometric light curve. Af-
: [rad] 176.00.1 ter nding a consistent orbital solution, a major part of thg-
El {tmg gg%g 8% tical spectrum is disentangled with the orbital elementedx
2 . . i i 1 -
q 0 1015 0.005 The extracted segments are depicted in Figuamd the or

bital solution is reported in TabR: Our nal solution for

Notes. The set of optimal orbital elements found through spectis! d K|C9163796'. which for the orbit of the primary 1S In good

entangling with FDBinary is reported. The timebageand the number 29réement with BHV14, leads to the RV semiamplitudes of

of data pointsN. The orbital periodPo; from Kepler photometry, the K1=35.25 0.12knis andKz = 35.77 0.13knis for the primary

periastron passagdB. and longitude of periastron, the eccentricity and secondary, respectively. The uncertainties wereettfrom

g, the velocity of the system, the radial velocity amplitudes of both a Gaussian t to the parameter distributions from 5000 btoaps

componentK; & K, and the corresponding mass rajis M;/M. simulations (Pavlovski et al. in prep.). The mass ratio thim
g=M;=M,=1.015 0.005, i.e. a dierence of 1.5%.

Table 4. Fundamental parameters derived from unconstrained tting ~ The SB2 orbital model, derived from the set of optimal or-
bital elements is depicted in Figude To meet with the mea-

Parameter Unit Primary Secondarysured RVs the model was shifted by the systematic velocity of
E ective temperaturd, [K] 5020 100 565070 the system. Using this orbital solution, also a 5nm wideargi
Surface gravity, log [dex] 3.14 0.2 3.48 0.3 oftheLii 670.78 nm resonance transition doublet was extracted

MicroturbulenceVmicro [km/s] 1.2 0.3 1.430.2 (Figure5). We further note that the RV measurements from the
Proj. surface rotatiorysini [km/s] 4.7 05 5.0 0.5 Year 2015 t well the orbital solution based on the obseivasi

Metallicity, [M/H] [dex] -0.37 0.1 -0.380.1 fr_om the year 2013. _Therefore, we conclude that no third mas-
Lithium, A(Li) [dex] 1.31 0.08 2.550.07 sive body is presentin the system.

Light factors 0.630.03 0.370.02

Magnitude di erence, my [mag] 0.58 0.08

Apparent magnitude [mag] 10.32.04 10.900.09 4.2. Fundamental parameters and abundances

This analysis was performed through a grid search for the
fundamental atmospheric parameters of a star, by compar-

1- level (70ns) of the night-to-night stability of the étmes ing grids of synthetic spectra to the observed spectrum
high-resolution observing mode. The resulting RVs' aréetis With the Grid Search in Stellar Parameterggssp) soft-
in Tablel and depicted in Figur@ The radial velocity ampli- ware package byrkachenko(2019 (see alsoLehmann et al.
tudes, visible in Figurd from this simple approach show tha201%1 Tkachenko etal. 203)2Synthetic spectra were com-
the two components have relatively similar amplitudesidad puted using the ghthV radiative transfer codeTgymbal 199%
ing a mass ratio close to unity. based on a grid of model atmospheres precomputed with the
On rst sight, it might look surprising that stars with suct-Lmodelscode Shulyak et al. 2004 _
similar mass reveal quite dérent line depths for the two bi- AS input we used the isolated spectra of the primary and
nary components (see Figukgor Figure 2 inBeck et al. 2017 Secondary component in the region of theiMiiplet at about
We therefore have good reasons to speculate at this point 8 "M as shown in Figude An unconstrained analysis was
both stars dier substantially in their fundamental parametef2erformed, treating the two stars as independent sourcethan
and therefore in their ux contribution. To determine thenfu light factors are assumed to be wavelength independers.alhi
damental parameters of both stellar components, theivithdi Ipws us to determine all fundamental parameters as wellas th
ual contributions need to be extracted from the SB2-compodight ratio. The fundamental parameters for both stellanpo-
spectrum. Spectral disentangling (hereafter afs is a pow- Nents fromthe best t are reported in Talle _
erful technique, which enables separation of individuaicsgal The fundamental parameters show that the primary of
components from a series of composite spectra of a binary siC 9163796 is about 600K cooler than the secondary compo-
tem, simultaneously optimising the orbital elements ofrmaby Nent. A slightly higher logy is found for the secondary compo-
(Simon & Sturm 199% For KIC 9163796 however, the clearlynent. The primary contributes about 8% to the total ux of
visible SB2 signature fortunately allows us to obtain telgsini- the system in JohnsonV and the secondary contribute8%7

tial guesses on the orbital and fundamental parameterstbf b&amajo et al(2011) showed that it is possible to perform disen-
components a priori. tangling even if no information on the light ratio of both Ite

components is available from external constraints (e lipsss,

interferometry). The unconstrained solutionsgfdis stable if
4.1. Spectral disentangling the light contributions add up to the 100%, as it is the case fo
KIC9163796. A well determined value of the light ratio is fun

We use the FDBiary code (lijic etal. 2004 implementing damental to obtain an accurate renormalisation of the two is

spectral disentangling in the Fourier domaliafirava 199%

to disentangle the composite spectra of KIC9163796. Start-The GSSP package is available for download at
ing from the initial set of orbital parameters, this apptoamttpsi/fys.kuleuven.bistermeetingébinary-201%gssp-software-
searches for the optimal set of orbital elements and indivipackage.
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Fig. 4. Disentangled spectra of KIC 9163796. The spectra of thegmirm blue and secondary in red are shown in the left and gpghttrum,
respectively. The top panels shows the region around th@el, while the bottom panel depicts the magnesium tripi&l8 nm, normalised to
the continuum ux of the composite spectrum. The synthetadei of the best t of the determination of fundamental paetens and metallicity
is shown as dashed grey line is shown depicted in the regitmredfig triplet.

lated spectra from their composite continuum to their irchiial The main abundance that is found to be signi cantly vary-

continuum. ing between the two components is the one of the fragile el-
tement of lithium, A(LiY (Figure5), with A(Li) of 1.31 0.08

and 2.55 0.07 dex for the primary and secondary, respectively.
The uncertainties in the Li abundances for both components

pared to and within the uncertainty of the obtained magpeitu ere determined taking into account the uncertainties & th

di erence. Therefore, the long-periodic photometric ux mod@tmlos%heric parame_terfs asdtheybarehllisged l;n Tzag'léhe IG‘;‘SS .
lations as described in SectiBwill not have an impact on the €v0lved component is found to be higher by 1.2dex than in

renormalisation and hence the spectroscopic results. the low-luminosity rec_l-giant primary component of t_he syst
Another case of a binary system with a strong efence in

~ The rotational broadening of the absorption lines does ngk Lj abundance is Capell@orres et al(2015 recently rede-
di er (within the uncertainties) between the two stars, which fermined the lithium abundance for the primary and secondar
not surprising, as it is known to be dcult to determine precise tg pe A(Li)prim=1.08 0.11 and A(Likec= 3.28 0.13dex. This
projected surface rotation velocities from lines, barelyalved |eads to a dierence of 2.2 dex between both components, being
by the spectrograpl@ray 2005 Hekker & Meléndez 2007 For  found on the secondary clump and the main sequence, whereby
red giants, the eects of rotation are also competing with thghe more massive component has already undergone Li de-
line broadening from macro turbulence. From the spectipscgetion. We therefore can assume a similar scenario also for
ically determined log and T , the primary appears to be onk|C 9163796. Without a rm constraint on the mass and posi-
the low-luminosity regime of the Red-Giant Branch (here@fttion of both stars in the Hertzsprung-Russell Diagram, ifs
RGB). The temperature derence of 600K between the sec- cylt to distinguish between a lithium-rich giant or starsat
ondary and the primary is excluding the secondary ascerminghave not yet undergone the FD@Harbonnel & Balachandran
the RGB. HoweverT, , logg and the luminosity ratio are com-200() as it depends on the Li abundance and the rotational his-
patible with a late sub-giant or very early red-giant. tory of the progenitor of the star on the main sequence (e.g.

Comparing the derived metallicity of [M]' -0.375to large Talon & Charbonnel 1998
spectroscopic samples of red giants, such as the APOKASC sur As discussed in the next Section, these stars exhibits-solar
vey of stars thekepler eld of view (Pinsonneault et al. 2014 like oscillations, allowing to nd a good mass estimates thoe
Holtzman et al. 2015shows that this system is in the sparselprimary component that can serve as an input for stellar mod-
populated under-abundant tail of the distribution of ekdrs. elling. The astrophysical inference of this érence will be dis-
Such abundances are typical in stars in the galactic halolgeb cussed in the modelling of the system in Sec#ion
(Epstein et al. 2024but the relatively low luminosity of an early
RGB (this identi cation of evolutionary state later con md in o .
the following section) suggests that the system is closecand 9. Global seismic analysis of the power spectrum

_notf be Ioc;]ated in the halo. We” note that, alt?ou?h_theh metalliryq power spectral density of KIC 9163796 exhibits osddlat
ity for both components was allowed to vary freely in the ©w 55t des that are substantially smaller than in norniagls-

nd both values within 0.01 dex and therefore basically tame 4 red-giant stars (Figure8, 7& 13). The dominant cause of

metallicity. T.his is expected for stars born at the same.f'r.rm_lm this e ectis the photometric dilution of the seismic signal due to
the same primordial cloud. Substantially drent metallicities,

which would be con rmed from visual inspection of the com-= \we use the standard abundance notation in which Agi)

posite spectra, could only be explained if binary systemld/ouog[N(Li)/N(H)] + 12, where N(Li) and N(H) are the numbers of atoms
have formed by one component capturing the other. per unit volume of element Li and of hydrogen

The light ratios and the total ux of the system translatein
a magnitude dierence of 0.580.08 mag. The average peak-to
peak amplitude of 0.025mag (sdginTable2) is small com-
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Table 5. Seismic parameters derived for KIC 9163796.

Parameter Unit KIC 9163796 KIC 4586817

max [ Hz] 165.3 1.3 161.40.4
A measured m 29.11.9
Airlljtlfinsic PP 46.2 4 92.7 1.5
puls ppm i
[ Hz] 12.85 0.03 12.7590.009
02 [ Hz] 1.73 0.05 1.620.01
1 [s] 80.78 79.05
frmax [ Hz] 0.24 0.22

Notes.The rows max, Apus,  and gy report the peak frequency, total
amplitude of the oscillation power excess, and the largesamall fre-
quency separation of the central three radial orders fovengstar.
quanti es the true period spacing of dipole modes. The Istrgalue of
the detected rotational splitting is also listed.

Table 6. Seismic fundamental parameters for KIC 9163796 determined

] o ) from seismic scaling relations and spectroscadpic
Fig. 5. Lii 670.78 nm resonance doublet in both components of

KIC9163796. The spectra of the primary (top panel) and sdagn
(bottom panel) components have been renormalised to thgdndl

Parameter Unit KIC 9163796 KIC 4586817

continuum levels. The synthetic model of the best t of thematiance __EVO!. state RGB RGB
determination is shown as dashed grey line. Te (K] 4960 140 4926 91
M M ] 1.39 0.06 1.360.03
R R ] 5.35 0.09 5.340.04
the bright companion, following L L ] 16 2 15 1
Agied = Amnsici L1 (1) logg [dex] 3.12 0.01 3.1170.004

. . o o Notes. The evolutionary phase RGB describes a H-shell burning red
whereby for a given binary componehiiutedi, A diutedi are the giant on the ascending giant branch. Parameters for thexpyistar are

measu_red and the intrin_sic 03?“'3“0” amplitude, respelgt calculated from grid modelling based opax, , and the spectroscopic
andL ; is the spectroscopically light factor (see Tabkend Sec- estimate forT, . The secondary mass is estimated from the primary

tion4.1). Given the spectroscopic light ratio between the prinass andj and the other parameters are from grid modelling based on
mary and secondary star of about 3:2, we can expect the mogg, T, , and the mass constraint.

heights (in power density) to be reduced by a factor of about 3
to 5 compared to a single red giant. Furthermore, severdiestu
have suggested that stellar activity also reduces the ardpB
of solar-like oscillations (e.gMosser et al. 2009Garcia et al.
201Q Dall et al. 2010 Chaplin et al. 2011Bonanno et al. 2014 by comparing the global seismic parameters, the central fre
Gaulme et al. 2014 In addition to the low amplitudes, the fre-quency of the oscillation power excesssax, and the large
quency range of the oscillations 120-250 Hz, see left panel frequency separation between consecutive radial modeas
of Figure6) is contaminated in the original power spectrum witiell as the spectroscopic ective temperaturele to the so-
power that leaks from high-amplitude low-frequency vaoias lar reference values. Following the approach and solarr-refe
via the window function of the light curve. The analysis oéthence values oKallinger et al.(201Q 2012 2014 we derive
PSD and comparison to other stars is therefore not straightf max=165 1 Hz and =12.85 0.03 Hz, which translates
ward. into amass and radius 0f 1.39.06 M and 5.35 0.09R for the
The resulting PSD reveals an excess of oscillation powerRitmary, respectively. We note, that if no index is given,neter
160 Hz (Figures). Stellar evolution is quite fast on the gianto parameters of the primary component and that the reported
branch so that two stars of equal primordial chemical conaposIrors are internal uncertainties, which are likely to be apti-
tion but slightly di erent mass - as small ad% or even be- mistic. The result shows a discrepancy of the values of mags a
low - can have signi cantly dierent radii. From the spectro-radius of 0.9M and 4.5R, previously reported by BHV14.
scopic mass ratio we can therefore only constrain the locati The di erence originates from the improved treatment of the
the secondary power excess in a rather larger frequency ratight curve with gap- lling and inpainting techniques (fate-
— from overlapping the primary power excess to a frequentsils see, e.gRires et al. 200SGarcia et al. 2014bBecause ev-
range typical for subgiants, well above the Nyquist frequyen ery 3 days one data point of the long-cadence observing mode
fng ' 283 Hz. (30 min integrations) is rejected due to increased noisdalthe
The stellar radius and mass, can be determined throughboard manoeuvre to withdraw the stored angular momentum
the seismic scaling relations, (e.gjeldsen & Bedding 1995 of the spacecraft gyroscopes, a periodic gap is introduzéukt
Kallinger et al. 20102012 2014 Chaplin et al. 201} data, which produces a high-frequency spectral windowgckvhi
I I I can hide the low-amplitude oscillation signal. The quadityhe

M max - L PO ) 5 lightcurve is improved with respect to BHV14, by inpaintithg:
M ax — T ' () gap through interpolation (for details s€arcia et al. 2014bas
R I !y ° 1= well as by extending the length of the light curve by nearls@ f

max Te 77, 3) tor of two. Furthermore, the seismic data set was also cauec
R max T ' for the e ects of spots.
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Fig. 6. Power spectral density (left) and échelle diagram (righ&I€ 9163796. In the left panel, the original and smootheecspum are shown
as grey and black solid lines, respectively. Theedent components that describe the granulation backgratsmghown as blue dashed, while
the white noise component as blue dash-dotted line. The mus§an envelopes to describe the power excess of the pramdire ection of the
super-Nyquist power excess into the sub-Nyquist regimba@tsecondary are represented as red dotted lines. The aanisrwith and without
the oscillation components are depicted as red and blue lgodis.

The échelle diagram is shown in the right panel of FigureThe power spectrum of KIC 9163796, as depicted in Figure
and the full list of all seismic global and fundamental paetens and Figure/, can therefore be treated as the one of a single star.
is given in Tableéb and6, respectively. The total pulsation ampli-  To search for the power excess of the secondary component,
tudeA is de ned as the square root of the integral over the powge included a second Gaussian component to the tting stan-
density excess de ned by the Gaussian envelope. Photamei#ard approach of simultaneously tting the granulation lbac
oscillation amplitudes quantify the light variation witkspectto ground and oscillation signaKallinger et al. 201% Based on
the mean brightness of the star. Because the total brightifesthe Bayesian evidence we nd that a model with two Gaus-
the binary system is larger than the mean brightness of ttie 0ssian components signi cantly better ts the observed PSBnth
lating star, the amplitudes are ected by photometric dilution, a model with only one Gaussian. Tentatively, also the number
but can be corrected if the light fractions are known (seéei@b  of background components was allowed to vary to account for
We refer to the amplitude which is corrected for the photaimet the contribution of the secondary to the background. In tae-s
dilution as the intrinsic one. For the primary componentwe  dard approach, two components are used (fromQudto fng).
Aintrinsic = 46 4 ppm. Increasing the number of background components did, haweve

not improve the t.
According to this model the second power excess is lo-
5.1. Detection of the secondary max cated at 2154 Hz with a measured total mode amplitude
of 10 3ppm. Correcting for photometric dilution, we nd
Due to the low overall mode visibility, the oscillation spec 30ppm. The S is too low to be able to extract a value for
trum of the primary star is dicult to analyse. Furthermore, fromthe PSD. However, the measuregy of the secondary
Rawls et al. (2016 interpreted peaks which did not t theis very close to the value of the primary, which appears to con
general mode pattern as overlapping power excess of gr—adict what was found from Figuiand the discussion above.
mary and secondary component. To improve our understatidwas shown and discussed in several papers, that power ex-
ing of the power excess of KIC9163796 and to exclude ti§gsses, located above the Nyquist frequency foKeyger long
possibility that modes from the secondary add to the igadence data of 283 Hz (also referred to asuper Nyquist
dividual mode pattern, we searched for a comparison se&€ re ected into the frequency regime below this value .(e.g
that follows closely the frequency pattern of the radial arldurphy etal. 2013Chaplin et al. 2014BHV14). Because these
quadrupole modes of KIC 9163796's primary power excess. Thi@rs are lower on the RGB or even subgiants, the intrinsic os
best match is found with KIC 4586817(.x= 161.4 0.4 Hz, Ccillation amplitudes are lower, which ts the picture foreth
=12.76 0.01 Hz). To allow a better comparison, the twoletected max of the secondary of KIC9163796. In the super-
oscillation spectra were normalised by their backgrougdali Nyquist case, the trugnax> would be located around350 Hz.
(Mathur et al. 2011 Kallinger et al. 201% The frequency axis To decide from seismology alone which scenario is correct we
is converted into radial orders via shifting the spectrunthy Would need a clearly identi ed comb-like pattern of the me®
frequency of the central radial mode and by dividing by(see modes of the secondary power excess. Unfortunately, themod
alsoBedding & Kjeldsen 2010 From the representation of thevisibility of the secondary is too low to determine a relizels-
power spectrum in terms of radial orders (Figdygeit can be timate for , so that neither the subgiant nor the red-giant sce-
seen that the frequency pattern of both stars is nearlyim#nt nario can be rejected. However, the combination of astesose
Therefore all signi cant peaks are originating from therpary mology and spectral disentangling @rs an additional way of
stellar component of KIC 9163796. If the secondary wouldehatesting this hypothesis.
had a max value very close to the primary, it should exhibit os-  First, the spectroscopic fundamental parameters (dehnived
cillations with about 40% of the amplitudes of the primargr F Sectiord) are incompatible with max2' 215 Hz as the temper-
KIC 9163796, we can exclude the scenario of overlapping powagure and fractional light ratio are indubitably placing thec-
excesses as suggested for KIC 924671%Rbyvls et al(201§. ondary much further down, on the very early RGB, than the pri-
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mary. Furthermore, Beck et al. (in prep) propose arewrfdem Mosser et al.(2012ab). In this approach, the adjustable pa-
of the seismic scaling relations, adapted to the outputparars rameters are the so called asymptotic period spacing ofelipo
of spectral disentangling of the SB2 systenmass ratiag, the modes, 1, the coupling factor , betweenp- and g-modes
ratio of the light factors|, the e ective temperatures and thgseeShibahashi 1979Jnno et al. 1989 and the rotational split-
surface gravityg, to gauge the ratio between the frequency ding of the gravity-dominated dipole modesfnax. We fol-
the two power excesses. Following the relation, lowed the grid search for the optimal combinations of;
and , as described byBuysschaert et al(2016, leading to
@) 1=80.78s. From the manual analysis, &nax' 0.29 Hz
was found. These values were con rmed through the automated
search ofMosser et al.(2015. Therefore, the asymptotic ex-
one nds max2=410 50 Hz, which gives an agreement withinpansion provides a rm mode identi cation of the individual
the re ected nax Of the secondary (350 Hz) within 1.2 . If peaks as shown in Figu8sWe note that the automated approach
we assume a light ratio of 60:40, which is within the unceindicates the existence of a secondary solution of 81.1%is an
tainty of the spectroscopic solution360 Hz achieved. Using f,,¢ 0.870 Hz. Such solution presents a special case, in which
the spectroscopic information of the surface gravity, the rotational splittings are on the order of or even largantthe
I o5 period spacing. In such, the rotational splitting is therefnot
maxt _ G1 Tea 5) de ned by the close pairs of peaks but by the complementary
max2 B Teo ' distance. After critically reviewing the solutions andrfr@om-

. ) parison of the PSD with KIC 4586817 (Figufewe can rule out
we obtain max2=340 20 Hz, showing an even better agreethe |atter value.

ment with the expected peak frequency. Therefore, we nd tha
KIC 9163796 is a seismic binary with a sub and a super Nyquist
oscillating components.

*35
maxl  _ q Te 1 .

—— L
max2 L Te 2

For a full seismic analysis, the frequencies of the individ-
ual oscillation modes have to be extracted from the osicitiat
spectrum. Only in the central three radial orders modes have
5.2. Evolutionary stage & dipole mode period spacing su cient SN to be clearly distinguishable from noise peaks.
The determination of the mode parameters of individuallosci
Iatf'on modes in the PSD of KIC 9163796 has been performed
h the Damondscode of Corsaro & De Ridde(2014. The

tails of the Bayesian parameter estimation and model com-

From the location of both power excesses clearly above H20
and the seismic mass, it is evident that both components, 9
the system are H-shell burning stars ascending the red-gi
branch (RGB). Even members of the secondary clump wo grison by means of a nested sampling Monte Carlo algorithm
not reach such high values Ofaxy during their helium-core 7o qoseribed iCorsaro et al(2015. The detection probability
burning phase. This is con rmed by the observgd period SBACIS of an oscillation mode is de ned & ca{Enopeak+ Epead)
of about 57's determined through autocorrelation of the thixg, o oF represents the Bayesian evidence of the ttingpmo’dels,
dipole modes, which evidently corresponds to a H-shelliigm ¢ jnciyding and the other excluding the corresponding pea
star @edding et al. 201Mosser et al. 2012014 be tested (se€orsaro & De Ridder 20%4Corsaro et al. 2015

for more details).

6. Rotational gradient and envelope rotation

In total six pairs of radial and quadrupole modes have been

Seismic analysis relies upon the comparison of observed s, o4 (Tablg) and 25 signi cant dipole modes were iden-
cillation frequencies extracted from the PSD to theoréycati ed in the PSD (Table8). For ten dipole modes, the/’é al-

cor_nputed frequgncies_ to draw infgren(_:e on stell_ar SUreclUfved a clear identi cation of rotationally split comportsn
This is only possible with correctly identi ed pulsation whes, For the rotationally split modes, an additional identi icat of

which is challenging for KIC 9163796 due to the lowiNSof the azimuthal ordem, and f is provided in Tabl®. Rota-

the modes. Through the comparison with KIC 4586817, the ra: | splittings ofg- and p-dominated mixed modes carry in-

dial and quadrupole modes are, however, clearly identiféig{ formation about the rotation rate weighted towards the ek
ure?). . - nvelope, respectively. Since the character of the g-dai®ih

For a rotating star, the Coriolis force as well as th_e COO0Mhodes is governed by the properties of the core, the rottion
nate transformation lift up the degeneracy of non-radialieso iing of theg-dominated modes is predominantly determined
_of the same radial orderand spherical degréebut di erentaz- by the core rotation rateBeck et al. 2012Mosser et al. 2012a
imuthal or(_jerm, and _thereby forms‘z-l_components. For SI.OW Goupil et al. 2013Deheuvels et al. 201Di Mauro et al. 2015
rotators with a rotation pro le depending on the radial aier e sityation is more complicated for the rotation rate @ th
nate only, (r), the mode frequency can be written as, envelope. Even though the core contribution to the rotation
kernel of p-dominated modes is relatively small, the fast rotat-
ing core still contributes signi cantly to the rotationgblgting
whereby f represent the rotational splitting. The dipole moded P-dominated modes. Therefore they need to be disentangled,
of the primary component of KIC 9163796 show a clear sign#thich is presently only possible by using theoretical medel
ture of rotational splitting (Figuresand8).

foom = fao+tm o foo g (6)

In principle, quadrupole modes are mixed modes as well
but the observable modes contain a higlpemode contribu-
tion than dipole modes. This makes them less sensitive to the
The resulting frequency pattern of rotationally split midxe core properties and more sensitive to the envelope rotdtion
dipole modes in the power spectrum of a red giant can B&C 9163796, however, the noisy spectrum prevents us to see
described through the asymptotic expansion, developed doyy split structure in quadrupole modes.

6.1. Identi cation & extraction of individual oscillation modes
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Fig. 7. Normalised power spectral density of KIC 9163796 (top) an@ 4586817 (bottom spectrum). The background contributias been
removed by division of the PSD through the background motet. frequency was divided by the respective large separatid centred on the
central radial mode. The frequencies of thre0 and 1 modes are marked by blue dotted and red dash-dottizhi/#nes. The dotted horizontal
lines mark the traditional signi cance threshold of 8 tintke background signal.

The value of the rotational splittingf,: in Eq (6) can be mixture byGrevesse et a{(1996 and a mixing length parameter

expressed as, mt = 1:8. It has a He-core mass fraction of about 0.14.
Z i For a more detailed picture of the rotational properties,
f = 1 Ko (r) (r)dr; 7 Ea (7) needs to be inverted. To solve this equation, several in-
’ 2 I 1= version techniques have been developed in the past aiming to

determine the internal rotation pro le of the Sun (edpwe

wherely: is the mode inertia ankly () gives the rotational ker- 2009 and references therein). The inversion of this integral is

nel of a mode which depends on the mode eigenfunction (eygvever a hi ; . ;
. X . , a highly ill-conditioned problem that requires, enu-
Cox 1980. Ris the radius of the model for the given star. merical regularisation. BHV14 found that classical apphes
The visibility of the di erentjmj components is independenyy e the RIS method (e.gChristensen-Dalsgaard et al. 1990
of the rotation rate but is governed by the inclination b&we ;- e 50| A technique (e.gSchou et al. 1998are not well-
the rotation axis towards the line of sight (e@zon & Solanki g ited for red giants. They easily become numerically unsta
2003 Ba"it etal. Zoﬁﬁ In Inumelrous works, (ek.]@allothet a:i and it is often impossible to evaluate the reliability of tesult.
2006 Beck 2013 Deheuvels et al. 2035t was shown that the pacently, in a comprehensive study of rotational inversémi-
giqtual geometry (i.e., the helght ratio bgtwegn the cer_mdl niquesDi Mauro et al.(2016 found that both methods, SOLA
. X L %And OLA fail to t the averaging kernels for fractional radii
cillating star is strongly altered by lifetime ects of the stochas- r=R, < 0.01. These methods agree in general on the overall ro-
tic modes. This is especially true for g-dominated mixed &80d,ion4| gradient between the surface and the core. Howieer
whose lifetime can be much longer than the time span covere methods fail to agree on the rotation law in the lower regibn o

Kepler observations. The inclination of the stellar rotation axig, ;
; e convective envelope and are dependent on the choskem stel
should therefore be extracted with care. In case of KIC 99637 model. P P

the geometry of the splittings is extremely variable. Thene We therefore follow the forward modelling approach from

we refrain from tting the inclination but rather gauge threcii- Kallinger et al.(2017, which has proven its ability to accuratel
nation to be between 40-76rom visual inspection. From the Igth t.t' I,b havi F} d giant I%/HV14 Th y
RV amplitude of the primary, we can estimate the mass functifVEa! the rotational benaviour of a red gian ( ). The a
to be g.o.rlthm computes synthetic rotational splittings for a mk;nf

' rigidly rotating shells and compares them to the observét sp
M; sin®i = 0:85308 0:099M : (8) tings. To tthe individual rotation rates a Bayesian nessadh-

pling algorithm is used. The advantage of this method isithat

Using the seismic primary's mass, this function translémés provides reliable parameters and their uncertainties dsase
an inclination of 58 , which falls fairly well into the range con- comparison of dierent models (with, e.g., a dérent number
strained through seismology. Stronger constraints onrtbe i of shells) to evaluate which model reproduces the obsenvati
nation could be provided from light curve tting (e.g. BHVL4 best. As for KIC 5006817 (BHV14) we nd for KIC 9163796
which is currently beyond the scope of this paper. that a 2-zone model (core and envelope) gives the most keliab
result and that the exact position of transition betweee emd
envelope rotation cannot be determined with the available o
servations. We therefore x the border between the two shell
To compute the rotational kernels for the modes listed in Fabto a fractional mass of 0.14 (i.e., the He-core mass fraciuh
we use a representative model with 1.4 #hd 5.4 R and Guen- approximate position of the H-burning shell that separétes
ther's nonadiabatic nonradial pulsation cod&uénther 199% contracting core from the expanding envelope.).
The model was calculated with the Yale Stellar Evolution €od The core and envelope of KIC 9163796 are found to rotate
(YREC; Demarque et al. 20085uenther et al. 199Xor near- with an average rate of 548 and 79 14 nHz, respectively.
solar composition4 = 0:02Y = 0:28) assuming the solar The measured rotation rates translate into a core-to-epeel

6.2. Core rotation and surface rotation
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Fig. 8. Power-density spectrum of KIC 9163796. Each panel contaives radial order, depicting the original power spectrum a#l as the
spectrum smoothed through the Mode identi cations of theeptheoretical)p modes for' =0, 1, 2 and 3 which are indicated with blue, red,
green and yellow vertical bars, respectively. The&s of rotation are visible as the splitting of dipole mo@ssumed f = 290nHz), located
in the centre of each panel. The observed PSD is overlaid titttheoretical frequencies of mixed-dipole modes=(0, solid thin lines) and
the theoretical frequencies of the rotationally split camgnts (h= 1, dashed thin lines). The components belonging to oneioatty split
multiplet are indicated through V-markers at the top of egahel.

Table 7. Extracted radial and quadrupole oscillation modes and gagameters for KIC 9163796.

N < Frequency Amplitude FWHM P
[ Hz] [ppm] [ Hz] I

11 0 144337 0:009 7447078 0:12999%7

12 0 157204 0:007 1086*917 0:239+2:905

13 0 170133 0:014 880*941 0:378+3915

14 0 182996 0:021 1092*93° 0:561*3921

15 0 195464 0:017 851+021 0:589*9919

16 0 209046 0:028 341+938 0:285*99%2 1.000

11 > 142824 0.086 1719705 2:94070022

12 2 168432+5984 17:09+922 2:005*2988

13 2 155516 0:008 665 *91° 0:185+2905

14 2 181071 0:017 1119+922 0:599*%922

15 2 194031 0:018 731733 0:484+3932

16 2 207743 0:047 771733 0:687+394¢

Notes. The number of the radial order, spherical degree and azahotderm of an oscillation mode. The parameters of the Lorentzianero
describing the mode are given, the median centre frequéineymnode amplitude and its full width at half maximum (FWHNFpr the case
of peaks with a lower Bl-ratio, the detection probabilitl is reported, which ranges between 0 and 1, whereby 1 comdspo a detection
probability of 100%. A value '..." indicates modes with hi@N.

rotational gradient of 19"%8. The core-rotation rate is a typi- 6.3. Rotation in the convective envelope & angular

cal value on the RGB, compared to the large sample studies of momentum transfer

Mosser et al(20123. It is evident that the uncertainty of this

result is dominated by the relative errori8%) of the enve- gsing surface rotation rate derived frokepler photometry,
lope rotation rate. For KIC 9163796 we have, however, an €5z nd a core-to-surface rotation rate 03697, which is in
timate _for the surface rof[ation rate from the dominant piari%ood agreement with the seismic value. T(hee consistency be-
of the light curve modulationff = 87 8nHz). The core-surfaceyeen the surface and seismic envelope rotation rate (whjgh
rotation gradient is typical for RGB stars ord envelope 6 10 yagents the average rotation rate of the external 86% and 99%
30 times, Beck et al. 20122014 Deheuvels etal. 2012014 of the mass and radius, respectively, of a representativiemo
Di Mauro et al. 2016Goupil et al. 2013Triana et al. 201ybut ot K|C 9163796) provides the observational evidence that th
appears a the lower end of the values found so far. Yet we ngdeational gradient in the convective envelope of red gidst
that this is small number statistics. in fact very small or even zero. A similar result was found by
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Table 8.Extracted dipole modes and their parameters for KIC 9163796

m Frequency Amplitude FWHM or Height P f
[ HZ+]0'006 [If)loig]26 [ Hz] or [pg)rglzg Hz] (] [ HZ]
: ppeaiadt: - BNt gl PP
. ppitbult 7 I 7 o8558 era
. bt S oo g% |
0:005 . 0:18 . 0:012 i
1 154706*0907  3:40+008 0:075+0002 1.000
+0:001 H +2:82
: orsegem Bnd s B
1 176627+8§8%‘31 12.'08+06:1197 0:318+8§868
3813 95 oip 318 0000
1 177971+8§88% [sinc] 8&17&§8§
1 178745+0002 [sinc] 8264103
1 188495+0013 9:71+0%0 0:285*0012
+0:012 . +0:21 . +0:009
. ool TGt o058
. st B 958
. peprondt T BEGINt - o 9580
. popedt 7 SN 7 o085
0:043 . 0:36 . 0:083
+0:0051 . +0:172 . +0:002
LS oazeSlec  tgi2 oo g% 0.278 0.01
+1 149980500078 3go7+0Lis 0:181+0006 0.990
0:0095 . 0:116 . 0:006 .
) -1 1504854:§;§§§ [Sin+%]'287 10236;2%253 0.553 0157 0.005
oot Bl ppodt:
0:0050 ) 0:399 . 0:0_04
. 1 1535489° 00070 [sinc] 138027520
0 153794:«s+(9;;§§§z1 3:295@;%2 0:081+§;§§§ 1.000 0.245 0.003
+0: . +0: . +0:
Lo DBZea 2908 i 0083 5 oo 023 0.02
e il Bl 17 a0t 000
0:0115 . 0:207 . 0:022 )
. 1 161393075007 [sinc] 11915718t
0 161630309920  5:73+0189 0:069*0002 0.237 0.002
. 1 16313110077 9:435703% 0:169779%9
+1 163422000156 7:4p9+0340 0:242+0031 0.15 0.02
. 1 1660994700 3913703 0:07070007 1.000
+1 166580800080  3:3g3+0142 0:116*0008 1.000  0.24 0.009
. 0 1705549770012 [sinc] 113187793
#1 170809000005 [sinc] 25874*3318 .. 02540001
. 0 1729106709028 2:905771% 0:06479% 0.985
+1 173153600092 3:015+0100 0:068*0003 0997 024001
+0:0105 . +0:139 3 +0:008
LS (eSS aeo g oS g% Lo 029 001
0:0071 . 0:106 . 0:009 )
+1 175‘5968+8§88§é 4:162+8§ﬂg O:052+8§88§

Notes. The rst and second column list the spherical degree and athiah orderm of an identi ed dipole oscillation mode, respectively. For
resolved dipole modes, described through a Lorentzianlgythe median centre frequency, the mode amplitude andlitsitith at half maximum
(FWHM) are given. For unresolved peaks, described througih@function, the median frequency and the mode heighwengiFor the case of
peaks with a low 8N-ratio, the detection probabiliy is reported, which ranges between 0 and 1, whereby 1 comdspo a detection probability
of 100%. In case of rotationally split dipole modes the agerseparation of them= 1 modes is given for the individual component frequencies.

Di Mauro et al. (2016 from asteroseismic inversions. This isalow latitudinal dependence. Itis however in fair agreemeéth

di erentfromthe ndings oBrun & Palaciog2009 in the case similar 3-D simulations of the star Pollux d¥alacios & Brun

of a lower-mass upper RGB star, where they showed from thré2014), which resembles more the primary of KIC9165796, and
dimensional global non-linear simulations that, for veayIro- for which they obtain a 40% radial contrast between core and e

tation rates, shellular radial dérential rotation is expected withvelope ratio. As a consequence the still unknown physiaal pr
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Fig. 9. The evolutionary track of representative models of thegiedit  Fig. 10. Kippenhahn-like diagram in mass for the representativeehod
stars with [MH] = -0.37 star in thd, -logg plane. The black solid and of KIC 9163796. The shaded areas represent convectivenggiad the
red dotted lines represent the evolution of a 1.393%r computed as- green dashed lines mark out the H burning shell. The intestnatture
suming a grey atmosphere or a t to realistic PHOENIX modeh@t of the primary and secondary is indicated in this diagramgiie same
spheres as an outer boundary condition to the stellar steiejuations, symbols as in Fig.

respectively. The grey dashed line is also computed with BNKX at-

mospheres and assuming a reduced mass of 1.18Ne positions of

the primary and the secondary components of KIC916379&yais 5004 formalisms with theMathis et al.(2004 prescription for
i\r’]?jhﬁggngg téi;\ljeflrom spectroscopic parameters are @tafk blue o horizontal viscosity, extensively describedAmard et al.
» fesp Y- (2016. The mass loss is accounted for beyond the main se-
guence using the Reimer's formula witlk=0.5. The nuclear
cess that decelerates the core of red giants during steiar ereaction rates for the pp-chains and CNO cycle have been up-
lution is likely to act in the radiative zone or at the traiwit dated using the NACRE Il compilatioiX( et al. 2013.
regions between the core and the outer convective envelfope o The non-rotating evolutionary tracks of components in the
subgiants and red giants. Te -logg plane as well as the corresponding Kippenhahn dia-
gram are depicted in Figugeand 10, respectively. These are
representative of all our models, including the rotatingsrbe-
cause the slow rotation does not noticeably modify theastell
The binary system of KIC 9163796 provides a highly corstructure and evolution in our models. Because the mass used
strained set of stars, with all spectroscopic fundamergedip- for the models come from scaling relations, we check if the
eters well known, both stars located at the same distanoe frposition of the stars is compatible with the main seismicsnas
the observer and the same primordial metallicity. As shown las well as with the mass corrected for the 15% mass reduc-
Lagarde et al(2015, that the initial conditions of the rotationtion as proposed b§aulme et al(2016. Figure 11 shows three
rate of stars on the main sequence is a critical parameteg@and evolutionary tracks: the solid black line is our standarddeip
erns the Li abundance in the more advanced stages. Not kgowdomputed assuming a grey atmosphere as outer boundary con-
the initial conditions is complicating the analysis. By maytwo dition to the stellar structure equations. The red dottetigiry
nearly equal mass stars, born and evolved under the same cotiashed lines represent a 1.39 leind a 1.18 M model respec-
tions, we can ignore these dirences in the rotation history. Astively, computing assuming a more realistic outer boundary
discussed in Sectioh an A(Li) of 1.31 0.08 and 2.550.07dex dition. These two masses correspond to the original stel&ss
as well as a dierence of about 600 K was found between the prand the value, reduced by the proposed 15%. For these models,
mary and the secondary component, respectively (also seetha thermal structure of the uppermost shells is tted toid gr
ble4 and Figureb). Although the mass of a star cannot be desf detailed PHOENIX model atmospherealliard et al. 2001
termined with better precision than a few percent, an ateur2012 in order to retrieve realisti€¢, and logg values. The sec-
estimate of theatio in massis provided from the ratio of radial ondary is well tted by both models of 1.39 Massuming ei-
velocity amplitudes. This allows us to study the history leé t ther grey or realistic PHOENIX atmosphere, while the agree-
system, based on the dirences in abundances of lithium. ment with the primary is less good. For the primary, the 1.18 M
Representative models were calculated for stars in the massdel with PHOENIX atmosphere achieves a better t but it
rangeof 1.36 Mto 1.41 M at a metallicity of Z= 0.005869 cor- shows a worse t of the secondary. Judged from the stellassmas
responding to [F#1] =-0.37 dex when using thasplund et al. and the models, the main-sequence progenitors of the ratsgia
(2009 solar abundances as a reference. These models iar€lC 9163796 were late F-type stars and the best model ts fo
computed with the latest version of ttstarevol code (see an age of about 2.7 Gyr. With a mass df.4 M , the progeni-
Amard et al. 201p The impact of rotation on the ective grav- tor stars were located on the blue, hotter edge of the sodcalle
ity is accounted for following the formalism bigndal & So a Li-dip on the main sequenc®\allerstein et al. 1963Boesgaard
(1978, and the transport of angular momentum and chemical887 Talon & Charbonnel 1998In these stars, the microscopic
is treated using th&aeder & Zahn(1998 andMathis & Zahn settling of chemical elements is counter acted by macrascop

7. Lithium abundance & Rotational mixing
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ference in mass. Therefore, also theeatience in the stellar evo-
] lution relates directly to the derence in mass between the two
components.

Motivated by the need to t the Li surface abundance of the
two stars in the system, we tested various descriptionseofdh
tational history. Starting with a typical initial lithiumbaindance
expected for the metallicity of KIC 9163796, we look for the
rotational history that could best explain the determingHiA
in both components. The models discussed below are depicted
in Figurell We note that all scenarios lead to a basic agree-
ment with the observed surface rotation velocity estiméteih
the spot modulation but vary drastically in the internahtmtnal
gradient.

The rst, simplied approach of assuming (e.qg.
Talon & Zahn 199Y solid-body rotation ensures no trans-

L . port of chemicals by the vertical turbulent shear instabili
obi v L L L since the e ciency of this instability entirely depends on the
7000 Tst:O(OK) 5000 angular velocity gradient. This approach produces a good

¢ agreement with the spectroscopic Li abundances (Fifyre
Fig. 11. Surface lithium abundance for the representative model Bfack solid line), which is fully compatible with standard
KIC 9163796, with di erent scenarios of rotation history as function ofmodels rst dredge-up dilution, thus indicating that litim has
the stellar e ective temperature. The primary and secondary are markeeen preserved from destruction via additional transpost p
as dot and diamond respectively. The solid (black) lineespnt the cesses during the main-sequence evolution, such as au&otr
non-rotating model and the solid-body rotating ones, thiéedo(red) turbulent transport (Mathis etal. 2017 submitted), in&rn
line represents a dbr.en'tially rotating model with very ecient turbu- gravity waves Talon & Charbonnel 20050r magnetic elds
lent mixing (' prescription fromZahn 1993, the short-dashed (green) sty garek et al. 2091 The presence of rotationally split dipole
line represents a similar model using a @lient prescription for tur- modes found in the power spectrum of the primary component,

bulent shear (, prescription fromMathis et al. 2004 the long-dashed . . . .
(blue) line represents a model similar to the previous orteskmwly analysed in SectioB however provides rm evidence that

rotating on the ZAMS and the dashed-dotted (cyan) line st a (1€ Star is now rotating non-rigidly, with the typical ratat
model computed assuming solid-body rotation on the maineece gradient, found in other eld and binary stars (see disars#n
and di erential rotation beyond the TAMS. The two components éectiort). This may induce that the internal transport of angular
KIC 9163796 are shown using the same symbols as in previowesgy momentum induced by tidal waves (e@pldreich & Nicholson
1989 Talon & Kumar 1998 Mathis & Remus 2018is weak in
comparison with other transport mechanisms. Therefoverak
e ects and therefore, the measured abundance is typica#lg clscenarios of non-rigid rotation were investigated.
to the cosmic A(Li), known from the analysis from meteorites Allowing the rotational gradient in the models to evolve
(Talon & Charbonnel 1998astro et al. 2016 However, it was freely, we obtain a huge rotational gradient of a core-tdesie
shown byGuiglion et al.(2019 the initial Li abundance should rotation rate ratio of 800, which is by far too steep when com-
be lower than the 3.3dex for the solar value for lower stell@ared to the observational results, suggesting a facto® dérl
metallicity. We therefore assume an initial A(Li) for the ima stars at the low luminosity edge of the RGB. Also, the evo-
sequence-progenitor stars of 2.7 dex, which is a typicalevidr ution of the lithium abundance in Figutd (red dotted and
low-metallicity stars . green dashed line) strongly indicates that fast non-rigia-r
Because tidal interaction alternates the angular momenttion throughout all phase of KIC 9163796 can be excluded. In
transport inside star&ahn(1994 showed that synchronised bi-models experiencing non-rigid rotation during their entivo-
nary systems have substantially dring lithium abundances. lution, the surface lithium abundance is decreased dutieg t
However, the system of KIC 9163796 is wide, suggesting thatain-sequence evolution due to the vertical turbulentisheta-
tidal interaction has only started recently and, as deedrib bility, and it is not possible to reconcile the predictedatiances
the following section, is in fact weak. Therefore, we caratrewith the ones derived from high resolution spectra. In ani-add
KIC 9163796 as a system where tidal induced transport of &ienal test scenario, the solid-body rotation hypothesis wnly
gular moment and chemical species plays no signi cant nole forced on the model during the main sequence (cyan dashed-
the previous rotation and activity history of the system #rel dotted line). This is justi ed, following the indicationsivgn
alternation of the A(Li)-evolution can be ignored. by helio- and asteroseismology that low-mass and intermedi
As it can be seen from the Kippenhahn-diagram in Figte stars could be solid-body rotators on the main sequenge (
urel0, the secondary and the primary component are in tKeirtz et al. 2014Benomar et al. 2035Viurphy et al. 2015 In
early and late phase of the FDU phase on the RGB, respectividiys case, the rotational mixing that develops beyond the Te
Therefore, the components of KIC 9163796 are framing the rsminating Age Main Sequence (TAMS) in the radiative interior
dredge-up event. Since lithium is consumed through thetmoreads to a decrease of the surface lithium abundance prior to
clear reactions in the stellar interior at temperaturesrab® the FDU, and the predicted A(Li) for the secondary is smaller
million Kelvin, its surface abundance is a strong tracer of-m than the observed one. On the other hand, the surface lithium
ing processes, rotation and loss of angular momentum ir@sidebundance is fully controlled by the deepening of the cotivec
star. This makes it an interesting system in the contextelf stenvelope once the FDU starts and the model prediction ig full
lar evolution as we can assume that the observedrdince in compatible with the A(Li) of the primary.
surface Li abundance between the two stellar components, de Therefore, the lithium abundance of the primary is best com-
scribed in Sectiod and Tablél, is solely governed by the dif- patible with the scenarios of rigid rotation throughout émire
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evolution. This nding is independent of the chosen masgtier 05 T
two stars. In both cases (1.39 and 1.18Mhe Li abundance is
consistent with predictions of standard stellar evolutiosolid- 04} Y

body rotation in the radiative region. Rigid rotation indiphase

aium

however is quite unusual for stars of this mass and evolutioB o3| e
ary status, as also typical sub-giant progenitors of KIC3¥E® '§
appear to be rotating non-rigidly in the Hertzsprung gag.(e.§ 02} e
(]
n

Canto Martins et al. 201 Deheuvels et al. 20)4However, the
gradient between the core and surface rotation was found tob o1l
low. It deviates by one to two orders of magnitude from the ro-

tational gradient predicted by the direntially rotating mod- 0.0 L ! ! !
els computed hereP@lacios et al. 2006Marques et al. 2013 8925 393.0 3935 394.0
Ceillier et al. 2013 Such a small rotational gradient would be Wavelength [nm]

accompanied by weak shear and the expected®on the SUr- i 15 The emission in the CaK line in the median spectrum of the

face lithium abundance would be negligible, so that suchallsmy,imary of KIC 9163796 (red), compared to the emission oHigades
core to surface rotation gradient should be compatible Wi€h gijants * Tau (middle curve, blue) andTauri (bottom curve, grey).

predictions of the rigid case scenario depicted in Fidure

8. Stellar activity in context S-index of stars with detected Zeeman-splittingsriére et al.

A modulation of the stellar activity could be expected due {013 report that rather strong values &0.2) were found for

several intrinsic or causes, such as tidal interaction @ptats. OS¢ magl?epcallé/ Sclt've it_ars, IWh”e stars with non-detes
The latter was found for EK Eri b$trassmeier et a{1999. are typically found below this value.

The signature of spots, shown in Figdréndicates that at Comparing KIC 9163796 with the sample of active stars in
least one component of the binary system is very active. Agingle red-giant stars and those in wide binaries in $hB
other well known indicator of stellar, chromospheric aicgivs ~ Plane (Fig. 9 inAuriere et al. 201h we nd that this system is
the emission in the cores of the iDd&K lines in the near ul- above the t they present to their sample but note, that theere
tra violet (394 and 393nm, respectively). A visual insperctdf @ large scatter. One of the stars closest to KIC 9163796 nster
Hermesspectra of red giants in binaries, observed videipler ~Of rotational period is the secondary clump primary in theavi
(BHV14) or giants in the Hyades, shows that KIC 9163796 h&#nary system of * Tau (R 140days, also Figurk2) which
by far the strongest emission in those lines among this sampjaries between 0.165 . 0.2. over the campaign @furiere et al.
Figure1l2 compares the emission at the core of the CaK-line (019. Beck et al. (in prep) con rms similar variations. Given
the average spectrum KIC 9163796 to the strength of this-enfée large scatter in th8-index of active stars, which can also
sion in two Hyades giants Tau and Tau, which exhibit typical be modulated by long term activity cycleSgar & Brandenburg
red-giant activity. 1999 we nd that KIC 9163796 is an active red giant. Further-

more, we can compare KIC 9163796 also via the Rossby num-
) . ber,Ro, describing the ratio between tlobservedotation pe-
8.1. Chromospheric activity riod and the maximum convective turnover timescale witha t

The classical way of exploiting information on the chromdgonvective envelope. Based on the models, presented in Sec-
spheric activity contained in these Ca lines is the MountWifion 7, we calculated th&o for both component, following the
son Observatory (MWO)S-index Quncan etal. 1991and seml-em_perlcal de nition used juriere et al(2015. Because
references therein). The multiplicative factor to scalenfr the rotation rate of the secondary component cannot be gauge
the instrumentaB-index, measured in red-giant stars to me&ither from the light curve nor from the unresolved rotagibn
the MWO-reference frame was determined to be 18.9 B _adenlng in spectroscopy, we used the surface rotatitimeof
Beck et al. (20179, from comparison of the measurel for rigidly rotating model to calculatRo for both components. The

1 Tau €77 Tau) byAuriére et al.(2015 and Hermesobserva- fotation period of this model suciently reproduces the sur-
tions. When calculating th&-index of the individual frames, face rotation rate found for the primary from thepler light
corrected for the individual radial velocity, a clear maation Curve (Tat2 & Fig.1). For the primary and secondary we obtain
with the orbital phase is found, with a peak during the penias Ro1=2.63 andRo2=0.74, respectively.

passage. This is an artefact of the formalism of$hiedex due The majority of red-giant stars with detected magnetic sig-
to the changing fractional light contribution in the centfehe natures are found either at the beginning of core-He burning
0.109 nm wide triangular windows, centred on the cores oftheor in the rst dredge-up phaseA(riére et al. 201p A theo-
and K line and the alternated number of lines in the nornraisiretical interpretation for this behaviour has been progdsg
windows. Measuring in an SB2-system will always lead to anCharbonnel et al(2017 in the frame work of convective dy-
underestimation as a function of the fractional light. namos. KIC 9163796 is located in this strip of magnetic activ

To test if both stellar components of the system show signsityt Therefore, we can use the relation between the mea$Sired

chromospheric activity, we inspected the four observatiur- index and the large scale unsigned longitudinal magnetid e
ing periastron, when the dérence in RV is larger than 50 m  jBjjmax, depicted in Figure 10 oAuriére et al.(2015, 0.3<S

In those observations, the signature of emission is moving< 0.4 would indicate a magnetic eld strength Bjjmax. 8 G.
phase with the spectrum of the primary component. We thetésing the Rossby number instead of 8«ndex leads to similar
fore argue that the most active component is the primarynFraesults. For the primary and secondary we ndG and 7G
these four spectra, we measuresaimdex of 0.219, which trans- for . jBjjmax respectively. Given the large scatter and unknown
lates into anS ' 0.36 through the correction for the diren- systematics in the measurements of the large scale undigmed
tial light contribution. Such value is in good agreementwtfte gitudinal magnetic eld, the two methods are in good agreeime
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average value for--¢' 0.1 Hz. In KIC9163796, we measure

@ k T T T T T T T
:;, %, — much broader peaks. From the six radial modes that we mea-
150 1g ,% b % P e o ] sure (see Tablé), we nd an average of= 0.4 0.2 Hz. Such
$ jﬁ%&& . ’ a broad mode width can only be explained due to strong damp-
g P Iy “&'1:;..' Noee o ing, as expected for active stars as it is the case for KIC 2263
g » ?3 .P.’&’..{";,r:}.:’.i &- .m):";t . i from spots (Figurd&) and chromospheric activity (Figui&).
= ~ o . . ': E A N X g
§ 'i‘f.}g} Mo . o3s: q:.'E: s :"".':. 3 Q.:.‘.:
I R 5 EIPCIT DA 9. Tidal interaction
2 50 |- * . ° . * ° -
° I . St ¢ In eccentric close binary systems such as KIC 9163796, tidal
interactions modify the orbits of the stars and their roftati
ob 1 1 1 1 1 1 . The pace of the evolution towards an equilibrium state where
100 120 140 160 180 200 220 240 the orbits are circularised and the rotational and orbitéhs

Frequency of power excess [uHz] are aligned and synchronised is determined by the distagce b
tween the two stellar components, their mass and radius, and

Fig. 13. Total oscillation amplitude# ,ys for the extended sample of fecinat ; : ;
red giantsKallinger et al. 201%, with their seismic mass colour-coded.the strength of the dissipative processes applied on tiias in

The bulk of red dots on the left hand side mark secondary-glstars. thelr lnterlor_sd((?.gZahn 1989 l\/_lathlz f)‘ Rﬁmrs 2018 I|n'|;1e)d
The measured and intrinsic amplitude of the primary compbré 9glant stars, tidal ows are constituted by the large-scajelleo-

KIC 9163796 are shown as the marker with error bars and thekbidium tide Zahn 1966 Remus et al. 20)2generated by the el-
framed diamond symbol, respectively. lipsoidal hydrostatic adjustment of the star because optles-

ence of the companion, and the dynamical tide, i.e. tidatine

tial waves propagating in their large convective envelopenv

Porb > 1=2Pgarand tidal gravity waves propagating in their sta-

) _ ) bly strati ed radiative core Zahn 1975 Ogilvie & Lin 2007).

To test if the interaction of the two stellar components ije recall here that inertial waves have the Coriolis aceeler

KIC 9163796 has an overall in uence on the oscillation amion as a restoring force. For stars with large convective en

plitude, we compare in Figude the amplitude of the primary velopes like red giant stars, turbulent friction applied don-

to those of a large sample of red giants observed Webhler yection on tidal ows is the main dissipation process that-co

(Kallinger etal. 201 We nd that the corrected amplitudeyerts their kinetic energy into heaZghn 1966 Ogilvie & Lin

Apuss1 is slightly lower (by about 20%) than what is expectedoo7 Auclair Desrotour et al. 20351n stellar radiation zones,

foral.4M star, butitis not an extreme outlier. radiative damping acting on tidal gravity waves is the dcanin
Furthermore, we tested wether the overall oscillation @npmechanismZahn 1975 Auclair Desrotour et al. 20)5Having

tude is modulated by the orbital phase. From the full lighteu good representative stellar models of the primary and skgn

which was folded into a phase diagram, we described the yxee Figurd0) allows us to discuss the dissipation of tidal en-

modulation at periastron with a high-order Legendre-potyial  ergy in the system studied here to understand its orbite ated

t. When using the polynomial t, to remove the ux modulatio explore which tidal wave can potentially be detected.

through normalisation, the residual ux does not show amy si

ni cant amplitude modulation a as function of the orbitalgse. o ) ) o

We therefore conclude that the tidal interaction has no idime 9-1. Equilibrium tide and circularisation state

ate e ects on the mode parameters, but will act throughout

phases of the orbit.

8.2. Effect of activity on the oscillation amplitude

#he observed modulation of the brightness of heartbeat sar
caused by the distorted stellar shape associated to thiébequi
rium tide (for a more extensive description of the obseorsl
aspects of tides in red-giant binary systems we refer traerda
Beck et al. 2017p Moreover,Gallet et al.(2017 demonstrated
The oscillation amplitude depends on numerous factors sindhat the dissipation of tidal inertial waves in the deep emtive
subject to the constant interaction between the drivinglamdp- envelope of red giant stars is weak. IndeBdck et al.(20173
ing mechanisms (e.@elkacem & Samadi 20)3From the anal- have shown from an ensemble study of red-giant binary system
ysis of activity in eclipsing binary star&aulme et al(2014 observed wittKepler, that the contribution of the time dependent
suggested that such ects lead to additional damping of solareomponent of tidal interaction to the full budget of dissipa is
like oscillations. From the precise measurements of theapad negligible for all systems. Therefore, we focus here on thsid
rameters, we can now test the in uence of activity on the moghation of the equilibrium tide by the turbulent friction imet deep
parameters convective envelope to understand the observed non-anisatl
Unlike the mode amplitude, the full width at half maximunstate of the system.
of a mode, , is independent of photometric dilution. Therefore, In this framework,Verbunt & Phinney(1995 developed a
the measured values ofin KIC 9163796 can be directly com-formalism to predict the expected circularisation stateed
pared to the typical values of the mode width in larger samplgiant binary stars based on the theory derive@atn (1966
of stars. In this analysis, we only compare the width of radia989. They obtained the rate of circularisation of a system for
modes, as = 2 might be a ected by rotation and the presence aévolving red giant stars as the KIC 9163796 system
quadrupole mixed modes, which would lead to an overestimate

8.3. Effect of activity on the mode linewidth

Corsaro et al(2015 have performed a detailed analysis of the Ine M 113 - P ! 163
individual mode parameters in 19 red-giant stars, obsebyed —= = 1:710°5 — qli1+q? (t) orb
Keplerfor more than 4 years. For the ective temperature of the M day
primary component of about 5000 K (see Tad)lgthey report an (9)
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In this expressiore is the orbital eccentricityM the mass of
the primary,q the mass ratio wherm is the mass of the sec-
ondary, andP,, the orbital period. The circularisation strength

| (t), wheret is the time, is a monotonic function of the stellar ra-
dius andf is a dimensionless parameter of order unity that quan-
ti es the details of the convective tidal turbulent fricti@pplied

on the equilibrium tide. We see from the Kippenhahn diagram
reported in FigurdO, that only the primary is nearly fully con-
vective. The dissipation of the equilibrium tide dependinghe
thickness of the convective envelope, we therefore asshate t
the primary is likely to be the main seat of tidal dissipatiothe
KIC 9163796 system.

Following this formalism, we have computed the expectemg. 14. Comparison of PSD from synthetic light curve without osgill
reduction of the orbital eccentricity, based on the stgltam- tion and the spot-free light curve in red and black, respelti The ver-
eters of the primary star deduced from seismology. From ttieal line indicates the frequency corresponding to twioe totational
analysis of their samplé/erbunt & Phinney(1995 concluded frequency, sar
that binary systems with a value ef][‘—e&S should be quasi-

circularised. For KIC 9163796, we n 7 10 %, Therefore, go0 sectioB.2). Analysing a detrended light curve is problem-
the pace of the circularisation is currently slow with a lowtic as imperfections of the detrending routine lead to pieiks
level of dissipation of tidal kinetic energy. Thereforeetsys- that mimic these frequencies. Therefore, the high-ordeehe
tem is not expected to be circularised yet as observed with fye polynomial t of the ux modulation, described in the pre
eccentric orbit. This nding is in good agreement with syseeding subsection, was used to construct a synthetic lighvec
tems in the sample d¥erbunt & Phinney(1999 with similar  of the pure ellipsoidal modulation. The vertical line in Gig14
eccentricities. A sI:ghtIy stronger tidal dissipation suhd in jngicates the frequency corresponding to twice the stetita-
KIC 5006817 with—¢* 10 . This system has nearly the sameion frequency s Only signal below this value could originate
eccentricity and the orbital period is only 30 days sho@nt from tidal inertial modes. The two highest peaks in the rpats
KIC 9163796 while its primary component have similar masgum (black spectrum in Figurkd) with frequencies below this
and radius. The main derence of KIC 5006817 with the systemfrequency limit correspond té, and f, of the spot modulation.
discussed in this work is the mass ratio, which was detemine The non-detection of tidally induced modes does not mean
by BHV14tobe I5. that they do not exist in systems like KIC 9163796. To reach a
From this comparison, it was found that both systems a#gtectable signal, these modes would however need to peoduc
thus far from circularisation. The huge spread of ecceiffrio  |arge photometric signals in order to compete with the Heglel
the sample olerbunt & Phinney(1993 indicates that, at such of the granulation background (see Figli#, typical for solar-
low values ofI¢ . 10 2, circularisation and synchronisationjjke oscillators in advanced stellar evolution. Because R
are determined by the previous history of the systems. Tie ltained through high-resolution spectroscopy are lessted by
values of%e indicate that the evolution of the systems studiethe convective signal and the heartbeat event, a hightytiatie
here is currently dominated by the time scales of stellaiuevoseries of radial velocity measurements might be betteeduidr
tion, as the stars ascend the RGB, until the separation katwthe search of the signature of the dynamical tide, i.e. fiuki-
the two components is getting small enough to allow strongiéal and gravity waves, in both components in the case of well
tidal forces to act. separated SB2 systems.

9.2. Search for the dynamical tide .
y 10. Summary & Conclusions

In numerous eccentric binary systems with main-sequence ] )
components, low-frequency osciliations, that are not tegci IN this work we have combined combined space photometry,
through opacity variations (i.e. by the-mechanism, e.g. 9round-based high-resolution spectroscopy, and a sezmaig-
Kippenhahn et al. 2033but by tidal interactions were foundSiS. as well as theoretical modelling to study the eccehtriary
(e.g.Welsh et al. 201:1Thompson et al. 2012Hambleton et al. system, KIC 9163796. From the solution of the spec_tral disen
2013. Their frequencies are in resonance with the orbital pEngling of both components, we nd that the mass ratio betwe
riod and the modes correspond to the dynamical tide intf3@th componentsis 1.018.005. Therefore, we know the mass
duced above. In red giant stars, the two families of candptio between the two components by far better than theastell
dates are tidal gravity waves propagating in the radiatiwe ¢ Mass of the primary alone whichl.4M from asteroseismol-
and tidal inertial waves propagating in the convective tapee. 09y The temperature derence between the two components of
As in the case of main-sequence solar-type stars, tidaltgrav 600K places the secondary and the primary into the early and
waves would be dicult to detect because of their screeninffite phase of the rst dredge-up event at the bottom of the RGB
by the convective envelope (except if they are mixed gravito The main seismic analysis focused on the power excess orig-
acoustic modegyppourchaux et al. 20)0Therefore, in the case inating from the primary component. By comparing the oaeill
of KIC 9163796, we focus on tidal inertial waves that can be efion spectrum to the spectrum of a comparison star with simi-
cited whenPy,> 1/2 Psiar and propagate in the convective enlar values of maxand , an unambiguous mode identi cation
velopes of the components. could be achieved. Furthermore, we identify the power exoés

To guide the search for tidal inertial modes in the lowthe secondary. This detection support this by reconstrgcttie
frequency regime of the power spectrum of KIC 9163796, vexpected S5°"@Ypy using only spectroscopic inputs from the
computed the PSD of a synthetic light curve (Figide also spectral disentangling solution.
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In fair agreement with three -dimensional numerical MHD KIC 9163796 thus provides us with a unique and impressive
simulations of a slow rotating low-mass star at the base ®f taxample on how strong the ect of a di erence in mass of
RGB by (Palacios & Brun 2014and Palacios private commu-about 1-2% can be on stellar evolution and consequently in
nication), we show that there is no clear signature otdéntial lithium abundance. This system in particular allows us tmgt
surface rotation in the light curve. The main variation @& light a binary system, whose components are in the early and late
curve could originate from the varying activity of two large- stages of the rst dredge-up eventone of the most interesting
tive regions. From the analysis of the rotationally splitdas evolutionary phases in red-giant star evolution. Binarstemns
in the oscillation spectrum of the primary, the rotationeddj- like KIC 9163796 provide a robust and well tested benchmark
ent between the core and the surface could be determined tddyeesting seismic scaling relations with observationwah as
6:9"29. The value of the seismically determined rotation gradgonfronting models of chemical mixing and angular momentum

ent in the radial direction is compatible within the errordaith

transport. In last consequence, binary systems like KIG3926

the value of the rotational gradient estimated by using tire swill allow us to improve the determination of stellar ages.

face rotation rate from photometry:@%7). This strongly sug-
gests that the rotational gradient inside the convectivelepe
is at or even rigid. Such at rotational gradient in the cao+
tive envelope of a red-giant branch star shows the validith®
usually chosen two-zone model for straight-forward tesirt
also con rms the ndings ofDi Mauro et al.(2016, who were
not able to detect a variation of the rotational gradientieshe
convective envelope but accounted this to the very limigetial
resolution of the rotational kernels in the convective ¢ope.
The core-to-surface rotation gradient is compatible tglsireld
stars, which could indicate that the angular momentum prairs
through tides is negligible in such systems. As a consecpiigc
still unknown physical process that decelerates the coragiu
stellar evolution is likely to act in the transition regioattveen

the core and radiative inner envelope of subgiants and red )

ants, such as internal gravity wavd@alon & Charbonnel 2008
A at rotational gradient also allows a simpli ed treatmeat
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