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A B S T R A C T 

Eclipsing binaries with (a) pulsating component(s) are remarkable objects to investigate the evolution and structure of stellar 
systems. Detailed studies of such systems are also important to reveal their pulsation properties. The largest sample of pulsating 

eclipsing binaries is the one containing δ Scuti variables. In this study, we present a comprehensive spectroscopic and photometric 
study of three such systems, GQ Dra, RR Lep, and TYC 683-640-1. Their orbital parameters were derived from their large- 
amplitude radial velocity variations. All systems were found to be single-lined eclipsing binaries. We determined the atmospheric 
parameters of the primary components, which are the more luminous ones. By using the results of the spectroscopic analysis, 
the binarity of the systems was modelled and the fundamental stellar parameters (mass, radius) of each system were obtained. 
In addition, the pulsations of the systems were analysed. Both GQ Dra and RR Lep exhibit frequencies that are modulated with 

the orbital period. Therefore, the pulsating components of these systems are identified as candidate tidally tilted pulsators. 

Key words: stars: atmospheres – binaries: eclipsing – stars: fundamental parameters – stars: variables: δ Scuti. 
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 I N T RO D U C T I O N  

he importance of eclipsing binary systems has been known for
 v er a century. These systems are one of the most popular objects
n astrophysical studies because such systems play a key role in the
nderstanding of stellar evolution and structure. Eclipsing binaries
rovide accurate stellar parameters (e.g. mass M , radius R ) that are
ssential for theoretical modelling. 

The disco v ery of pulsations in eclipsing binaries increases the
opularity of these systems. Heretofore, a few different types of
ulsating variables were found in eclipsing binaries (Lampens 2021 ).
ne of these types of pulsating stars is the δ Scuti variables. The
Scuti stars are A-F spectral type systems that generally exhibit

ulsations in pressure, gravity, and/or mixed modes with frequencies
anging from ∼5 to 72 d −1 (Aerts, Christensen-Dalsgaard & Kurtz
010 ; Chang et al. 2013 ). Their interior can be probed by studying
heir pulsations with asteroseismic methods. δ Scuti stars are found
n different evolutionary stages. Hence, the investigation of such
ystems is ideal for an in-depth examination of stellar evolution. 

Many δ Scuti stars were discovered in eclipsing binary systems
Kahraman Ali c ¸avu s ¸ et al. 2017 ; Liakos & Niarchos 2017 ). Their
umber is still increasing thanks to the observations provided by
pace telescopes (Kahraman Ali c ¸avu s ¸ et al. 2022 , 2023 ). It is known
hat δ Scuti variables in binaries show a different pulsational behavior
ecause of the gravitational effects of the other binary component.
 E-mail: filizkahraman01@gmail.com 
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Commons Attribution License ( https:// creativecommons.org/ licenses/ by/ 4.0/ ), whi
he latest example of the gravitational effect on the pulsating
omponents in binaries is the disco v ery of the tidally tilted pulsators.
andler et al. ( 2020 ) found the first one of these systems by showing

hat, due to tidal effects, the pulsation axis is changed and aligned
ith the orbital axis. After this disco v ery, a few additional members
ere found (e.g. CO Cam, Kurtz et al., 2020 , TZ Dra, Kahraman
li c ¸avu s ¸ et al., 2022 ). Ho we ver, the number of currently kno wn

idally tilted pulsators is too low for a detailed understanding of the
roperties of this type of object. 
A comprehensiv e inv estigation of δ Scuti pulsators in eclipsing

inaries would be useful to comprehend δ Scuti variables and their
ulsational structure. Therefore, in this study, we aim to analyse
hree eclipsing binaries with a δ Scuti component, GQ Dra, RR Lep,
nd TYC 683-640-1. GQ Dra was first classified as a variable by
SA ( 1997 ). It is listed as an eclipsing binary with a δ Scuti
ulsator by Liakos & Niarchos ( 2017 ). Ula s ¸ et al. ( 2020 ) presented
he first detailed study of GQ Dra by analysing its orbital and
ulsational variations. The variability of RR Lep has already been
nown for nearly a century (Hoffmeister 1931 ). It has been studied
y several authors. Liakos & Niarchos ( 2013 ) examined the orbital
nd pulsational variations of this system. The binarity of RR Lep
as also modelled by Erdem & Özt ̈urk ( 2016 ), and, in addition,

he y gav e the analysis of the orbital period variations. A detailed
tudy for TYC 683-640-1 was given by Ula s ¸ et al. ( 2022 ), and they
resented the first binary modelling and pulsational analysis of this
ariable. 

Ho we ver, none of these systems were analysed with both photo-
etric and spectroscopic data except for GQ Dra. For this study,
© 2023 The Author(s) 
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Table 1. Information related to the used photometric and spectroscopic observations. SNR represents the signal-to-noise ratio. Reference: a Stassun et al. 
( 2019 ), b Høg et al. ( 2000 ), c Kreiner ( 2004 ), and d Ula s ¸ et al. ( 2022 ). 

Target V Orbital TESS Spectroscopic Number of Average 
name (mag) period (d) Sector Obs. date spectra SNR 

GQ Dra 8.94 (3) a 0.76591(4) c 40, 47, 51, 53 May 2020–August 2020 33 62 
RR Lep 10.14 (3) b 0.91543(4) c 5 October 2022–March 2023 20 50 
TYC 683-640-1 9.71 (3) b 2.46170(6) d 5 No v ember 2020–March 2023 22 60 

Table 2. The results of the v r analysis. The subscripts p and s represent the primary and secondary components, 
respecti vely. a sho ws the fixed parameters. The errors are given in parentheses in units of the last decimal. f ( m p , m s ) is 
the mass function. 

Parameter GQ Dra RR Lep TYC 683-640-1 

T p (HJD) 2452500.07988 (11) 2452400.07710 (74) 2458001.01878 (79) 
P orb 

a 0.765905 (1) 0.915599 (1) 2.461820 (2) 
γ (km s −1 ) −15.1 (3) −4.3 (3) −15.9 (1) 
K p (km s −1 ) 83.4 (5) 61.4 (3) 76.8 (2) 
e 0.000 (1) 0.000 (4) 0.000 (5) 
ω (deg) 90.0 (5) 90.0 (6) 90.0 (6) 
a p sin i ( R �) 1.262 (8) 1.111 (6) 3.737 (10) 
f ( m p , m s ) ( M �) 0.0460 (8) 0.0220 (4) 0.1157 (9) 
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e collected high-resolution spectroscopic data and added them 

o the available space-based photometric data of the systems to 
nalyse them comprehensively. The paper is organized as follows. 
nformation about the observational data is given in Section 2 . The
pectroscopic analysis, including radial velocity measurements and 
he determination of the atmospheric parameters, is presented in 
ection 3 . In Section 4 , the photometric analyses (binary modelling
nd pulsational analysis) are introduced. We end in Section 5 with a
iscussion and an o v erview of conclusions. 

 OBSERVA  T I O NA L  DA  TA  

he photometric data of GQ Dra, RR Lep, and TYC 683-640-1 were
ollected with the TESS (Ricker et al. 2014 ). TESS observes almost
he entire sky by dividing it into sectors that are each observed for

27 d. TESS observations are carried out with short (120 s) and
ong (200, 600, and 1800 s) cadences. Since in this study we also
im to investigate the pulsational behavior of the targets, we used the
vailable TESS short cadence data or 600 s long cadence mode as their
yquist frequencies are high enough for the study of δ Scuti-type 
ariations. The TESS photometry of the targets w as tak en from the
arbara A. Mikulski Archive for Telescopes (MAST). 1 Two types of 
ESS flux es are pro vided: Simple Aperture Photometry (SAP) and 
re-search Data Conditioning SAP (PDCSAP). The SAP data are 
sed in our study since there were no significant differences between 
he two fluxes. We converted them into magnitudes by using the 
quation given by Kahraman Ali c ¸avu s ¸ et al. ( 2022 ). GQ Dra has 200 s
S57) and 600 s cadence data in four different sectors (S40, S47, S51,
53) while data observed in 120 s cadence mode is available in only
ne sector for RR Lep (S5) and TYC 683-640-1 (S5). Additionally, 
R Lep (S5), and TYC 683-640-1 were observed with 600 s cadence
ode in sector 32. In the study, we used 120 s data for RR Lep (S5),

nd TYC 683-640-1 because its Nyquist frequency reaches up to 
50d −1 . For GQ Dra, 600 s data were taken into account as those
 https://mast.stsci.edu 2
ere taken in four different sectors, and by combining those data
e could reach a higher signal-to-noise level (SNR) . In Table 1 ,

nformation about the used TESS data is given. 
The spectroscopic data of the target stars were taken with the

igh Efficiency and Resolution Mercator Échelle Spectrograph 
HERMES; Raskin et al. 2011 ) HERMES provides spectra with 
 resolving power of ∼85 000 and in the wavelength range 377–
00 nm. For each target, we collected spectra that were spread
 v er the orbital period to provide more accurate results in the
pectroscopic analyses. The collected spectra were reduced with 
he dedicated pipeline taking into account the classical reduction 
teps such as bias subtraction, flat field correction, and wave- 
ength calibration. The reduced spectra were then normalized man- 
ally utilizing the IRAF 

2 continuum (Tody 1986 ) task. Informa- 
ion about the photometric and spectroscopic data is given in 
able 1 . 

 SPECTROSCOPIC  ANALYSI S  

pectroscopic data of the systems were analysed to derive the 
adial velocities, obtain the orbital parameters, and determine the 
tmospheric parameters of the binary components. These analyses 
ere carried out in advance of the photometric ones because some
arameters determined from the spectroscopy are used as input to 
btain precise results from photometry. 

.1 Radial velocity analysis 

he radial velocity ( v r ) measurements of the systems were done using
he FXCOR task of IRAF. This task calculates the v r values with the
ross-correlation technique by using a spectrum of a standard star or a
ynthetic spectrum as a template in the calculation. Therefore, in this
nalysis, we generated some synthetic spectra considering the TESS 
MNRAS 527, 4076–4086 (2024) 
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Figure 1. The theoretical v r curves fit for the measured v r values (upper 
panels) and the residuals (O-C) in km s −1 (lower panels). The left-hand, 
middle, and right-hand panels belong to GQ Dra, RR Lep, and TYC 683-640- 
1, respectively. 
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nput Catalog (TIC; Stassun et al. 2019 ) ef fecti ve temperature ( T eff ) 3 

alues and projected rotational velocity ( vsin i ) estimated from the
undamental parameters of the systems given in the literature studies
Erdem & Özt ̈urk 2016 ; Ula s ¸ et al. 2020 , 2022 ). To generate the
ynthetic spectra, we used the line-blanketed, local-thermodynamic
quilibrium ATLAS9 model atmospheres (Kurucz 1993 ) and the
YNTHE code (Kurucz & Avrett 1981 ) to obtain the theoretical
pectra. The ATLAS9 models and SYNTHE program were used in
urther spectroscopic analysis as well. 

In our first v r measurements we found all targets as single-lined.
o we ver, to be sure about this feature, we also used some synthetic

emplates with lo wer T eff v alues (4000, 5000, and 6000 K) that could
e more suitable to detect the v r shifts in the secondary, less luminous
nd cool components. Ho we ver, no results were found to be different
han the previous measurements. The measured v r values of each
ystem are given in Table A1 . 

The v r measurements were then analysed using the rvfit pro-
ram 

4 that models the v r data of double-lined, single-lined binaries,
r exoplanets based on the minimization method of adaptive simu-
ated annealing (Iglesias-Marzoa, L ́opez-Morales & Jes ́us Ar ́evalo

orales 2015 ). The program fits the parameters of the orbital period
 orb , the periastron passage time T p , the orbital eccentricity ( e ),

he argument of the periastron ( ω), v r of the centre of mass ( γ ),
rojected semimajor axis ( a sin i , where i is orbital inclination) and
he amplitude of v r for the primary (p) and secondary (s) (K p , s ).
he P orb values of the systems were measured from the TESS data
f the systems, and they were fixed during the v r analysis. In the
nalysis, we first searched for e and ω parameters in addition to
thers. Ho we ver, the first results showed that all systems have circular
rbits. Hence, those parameters were fixed during further analysis.
he results of the v r analysis are given in Table 2 . The theoretical
 r fits to the v r measurements are shown in Fig. 1 . 

.2 Determination of atmospheric parameters and chemical 
bundances 

o perform accurate binary modelling, we should know the
 eff values. Therefore, before binary modelling, spectroscopic anal-
sis was carried out to estimate the T eff , surface gravity (log g ), and
hemical abundances of the primary components of the systems. As
 result of v r analysis, we found that all systems are single-lined.
hus, the effects of the secondary components in total flux should be
egligible. Hence, we can treat the systems as single objects in the
pectroscopic analysis. Just in that case, possible flux contributions
ould come from the secondary components; in the analysis, we used
he spectra that were taken at around 0.45–0.55 orbital phase 5 , where
he secondary component is partially co v ered by the primary. If there
s more than one spectrum taken around these orbital phases, those
pectra were combined to obtain a higher SNR value and used in the
pectral analysis. 

Since the hydrogen ( H ) lines are the unique tools to estimate the
 eff value, we first utilized the H β line for the determination of the
 eff parameters. The minimization method was used in the analysis as
escribed by Catanzaro, Leone & Dall ( 2004 ). During the analysis of
 β line, we fixed the log g parameter and the metallicity as 4.0 and so-

ar, respectively. Since there is no significant effect of log g on the de-
 GQ Dra: T eff = 8936 ± 371 K, RR Lep: T eff = 7928 ± 163 K, TYC 683- 
40-1: T eff = 6802 ± 130 K 

 http:// www.cefca.es/ people/ riglesias/ rvfit.html 
 Preferable at 0.5 phase if it is available. 
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Table 3. The H β T eff values, the final atmospheric parameters, vsin i and the Fe abundances of the primary components of GQ Dra, RR Lep, and TYC 683-640-1. 
log ε (Fe) is the relative abundance with respect to hydrogen (H = 12.0). 

H β line Fe lines 
Star T eff (K) T eff (K) log g (cgs) ξ (km s −1 ) vsin i (km s −1 ) log ε (Fe) 

GQ Dra 8600 ± 200 8700 ± 100 4.0 ± 0.1 1.4 ± 0.2 130 ± 4 7.67 ± 0.16 
RR Lep 7800 ± 150 7800 ± 100 4.1 ± 0.1 3.1 ± 0.2 119 ± 4 7.15 ± 0.17 
TYC 683-640-1 7200 ± 150 7500 ± 100 3.9 ± 0.1 2.4 ± 0.3 63 ± 6 7.73 ± 0.60 
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ermination of T eff for the stars having T eff lower than 8000 K for such
ystems, the log g does not affect the estimation of T eff (Niemczura,
malley & Pych 2014 ). Additionally, the metallicity does not affect 

he profile of hydrogen lines significantly; hence, the metallicity 
as fixed as solar during the determination of initial T eff values of

he systems. According to the analysis, we determined that GQ Dra, 
R Lep, and TYC 683-640-1 have T eff of 8600 ± 200, 7800 ± 150,
nd 7200 ± 150 K, respecti vely. Since the deri ved H β T eff v alues
re around 8000 K for RR Lep and TYC 683-640-1, we did not
earch for log g parameters in the H β line analysis for these systems.
o we ver, for GQ Dra, the log g value was searched for and found to
e 3.9 ± 0.1. To estimate log g , projected rotational velocity ( vsin i ),
nd microturbulence ( ξ ) parameters for all systems, we carried out 
dditional spectroscopic analysis based on the relationship between 
he ionization/excitation potential and chemical abundance of an 
lement. Taking into account the H β T eff values of our systems, we
referred to use the iron (Fe) element in our analysis, as this element is
ound more abundant in such T eff range. In this analysis, the spectrum
ynthesis method was used and the procedure described in the study
f Kahraman Ali c ¸avu s ¸ et al. ( 2016 ) was followed. The results of
 β and Fe lines’ analyses are given in Table 3 . The consistency
etween the theoretical models and observations is demonstrated in 
ig. 2 . 
After the determination of the final atmospheric parameters, the 

hemical abundances of the individual elements could be derived. 
y taking into account the final atmospheric parameters as input 
nd considering the spectrum synthesis method, the absorption lines 
f elements were modelled. In advance of the modelling, the line 
dentification for each absorption line was carried out using the Ku- 
ucz line list. 6 As a result of this analysis, the chemical abundances of
ome elements were obtained for the primary component of the target 
ystems. The derived chemical abundances for Fe and other elements 
re given in Tables 3 and A2 , respectively. The chemical abundance
istributions of the primary components of the target systems are 
hown in Fig. 3 . When the chemical abundance distributions of the
argets were investigated, the chemical abundances of the primary 
omponent of GQ Dra and RR Lep appeared to have abundances 
imilar to the Sun (Asplund et al. 2009 ) within error bars. Ho we ver,
YC 683-640-1 appeared to have overabundances in some elements 
uch as Ca, Ti, Cr, and Ni. Even though the Fe abundance is similar
o the Sun, the primary component of TYC 683-640-1 could be a
lightly metal-rich star. 

 PH OTOM ETR IC  ANALYSIS  

he TESS data of the targets were used in the photometric analysis.
e utilized the resulting parameters of the spectroscopic analyses 
 http:// kurucz.harvard.edu/ linelists.html 

r  

m
m
t  
s input during the photometric investigation. Information about the 
ESS data is given in Section 2 and Table 1 . 

.1 Binary modelling 

o model the binary variation of the systems, first, the oscillation
ffects on the light curves were remo v ed. This is because the
scillations could especially change the shape of the eclipses. For 
his reason, initially, we searched for the pulsation frequencies 
sing the PERIOD04 program (Lenz & Breger 2005 ). The oscillation
requencies were then cleaned from the light curves. This procedure 
as applied for each TESS sector of the systems. After cleaning the
scillations, the light curves of the systems were phased using the
arameters given in Table 2 and then normalized. Finally, these light
urves of the systems were binned to 2000 points for the binary
odelling. 
The known binary modelling program of WILSON-DEVINNEY 

W-D; Wilson & Devinney 1971 ) was used in the analysis and
he uncertainties of the determined parameters were investigated 
ith the Monte-Carlo simulations (Zola et al. 2004 , 2010 ). In the
inary modelling, we fixed some parameters such as T eff of the
rimary component, the bolometric albedos (Ruci ́nski 1969 ), the 
olometric gravity-darkening coefficient (von Zeipel 1924 ), and 
he logarithmic limb darkening coefficient (van Hamme 1993 ) as 
he same given in the study of Kahraman Ali c ¸avu s ¸ et al. ( 2022 ).
ther parameters like mass ratio ( q ), dimensionless potential ( 	),
 eff of the secondary component, inclination ( i ), and phase shift ( φ)
ere set free. During the analysis, we first decided on the binary

onfiguration of the systems. Initially, the detached configuration 
nd then the semidetached configuration were tested for each system. 
s a result, considering the goodness of fit parameter χ2 , we found

hat GQ Dra and RR Lep are semidetached systems, while TYC 683-
40-1 is a detached binary. In the literature, GQ Dra (Ula s ¸ et al.
020 ) and TYC 683-640-1 (Ula s ¸ et al. 2022 ) were also classified
s semidetached and detached systems same as us, respectively. 
o we ver, RR Lep is classified as a detached ‘ho we ver near contact’

ystem by Erdem & Özt ̈urk ( 2016 ), but in this study, low-quality
hotometric data were used compared to TESS data. Hence, the 
ifference in the configuration is caused by the photometric data 
uality. 
After we decided on the binary configurations of the systems, 

 q -search was carried out. In the q search, all parameters were
et free and the q value was fixed in each iteration from 0 to 1
ith a step of 0.01. As a result of this examination, we obtained
reliminary q values for each system considering the minimum 

2 . For GQ Dra, RR Lep, and TYC 683-640-1, the initial q pa-
ameters were found as 0.34 ± 0.02, 0.28 ± 0.02, and 0.50 ± 0.02,
especti vely. These q v alues were used as input for further binary
odelling and were impro v ed. Consequently, the best-fitting binary 
odels for each system were determined. The consistency between 

he models and binary variations is shown in Fig. 4 and the results
MNRAS 527, 4076–4086 (2024) 
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Figure 2. Top panels: The best theoretical fits to the observed H β lines 
of GQ Dra, RR Lep, and TYC 683-640-1. Bottom panels: Residuals. For 
modelling, the H β line metallicity of the models was taken as solar (Asplund 
et al. 2009 ). The significant residuals in TYC 683-640-1 are caused by the 
metallicity difference between the star and solar (see, Section 3.2 ). 

Figure 3. Chemical abundance distributions of the primary components of 
GQ Dra, RR Lep, and TYC 683-640-1 relative to solar chemical abundances 
(Asplund et al. 2009 ). 
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f the binary modelling are given in Table 4 . Considering that
he W-D errors are not very significant, the uncertainties of the
iven parameters were estimated with the help of Monte-Carlo
imulations and additionally by changing the parameters such as
lbedo and gravity darkening with dif ferent v alues (e.g. Southworth
020 ; P avlo vski et al. 2023 ). As a result, the uncertainties of
he calculated parameters were obtained and they are given in 
able 4 . 
The resulting parameters of the binary modellings were used

o calculate the fundamental stellar parameters such as mass ( M ),
adius ( R ), luminosity ( L ), bolometric ( M bol ), and absolute ( M V )
agnitudes. To compute these parameters, well-kno wn K epler,
ogson equations, and bolometric correction (BC) from the study
f Eker et al. ( 2020 ) were used. These parameters are also given in
able 4 . 

.2 Pulsation analysis 

e carried out a pulsation analysis after removing the binary
odels from the light curves. The residuals were analysed using

he PERIOD04 program (Lenz & Breger 2005 ). All TESS sector data
f the systems were considered in the analysis. The significance
imit for the frequencies was taken as 4.5 (Baran & Koen 2021 ).
aking into account the determined frequencies (see Tables 5 and 6 )
nd the T eff values of the systems, we could say that the pulsating
tars are δ Scuti variables. Considering the T eff values of the binary
omponents of each system and also the T eff range for the δ Scuti stars
6300–8600 K, Rodr ́ıguez & Breger, 2001 ), we concluded that in
ach system the more luminous, hotter, primary components are
he pulsators. Only the secondary component of TYC 683-640-
 system could be a pulsator as well according to its T eff value
ith the error bars. To be sure about the variability of this system
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Figure 4. Top panels: The best binary modelling fits (red lines) to the TESS 
observation (black dots) of GQ Dra (left), RR Lep (middle), and TYC 683- 
640-1 (right). Bottom panels: Residuals. 
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sing the calculated physical parameters and the pulsation constant 
quation ( Q = P 

√ 

ρ/ρ� = P M 

1 / 2 R 

−3 / 2 ), we computed expected
requencies for each binary component in TYC 683-640-1 taking 
nto account the Q value 0.033 for the fundamental mode (Fitch
981 ). As a result, the frequencies for primary and secondary binary
omponents were found as 6.16 d −1 and 27.28 d −1 , respectively. In
ddition, according to the determined parameters given in Table 4 ,
he luminosity ( L ) of the secondary component of TYC 683-640-
 is below the L value of the cool border of δ Scuti instability
trip. Hence, the secondary system is not located inside the δ

cuti instability strip. Considering the determined frequencies for 
YC 683-640-1 and the L value of the secondary component, we can
ay that the primary component is likely the oscillating star in the 
ystem. 

Determined frequencies for each system were examined to control 
or possible modulations with the orbital period’s frequency. As 
 result, we found that GQ Dra shows frequency modulations. 
n Fig. 5 , the modulated frequencies by the frequency of the
rbital period (1.305645 d −1 ) are shown. Because of this modula-
ion, the system was considered a possible tidally tilted pulsator. 
n the tidally tilted systems, frequencies of the pulsating stars 
re split by the orbital period’s frequency, and its multiples. In
ddition, the pulsation amplitude is changed through the orbital 
hase (Handler et al. 2020 ; Rappaport et al. 2021 ). Therefore, we
xamined these properties to determine whether GQ Dra exhibits 
ny of them using the procedure described in the study of Handler
t al. ( 2020 ). In Fig. 6 , in the top, middle, and bottom panels,
especti vely, the binary v ariation, pulsation amplitude v ariations, 
nd the amplitude changes of the highest amplitude frequency 
ith the orbital phase are shown. According to this figure, it is

een that at around 0.25 and 0.75 orbital phases, the pulsation
mplitudes almost disappear compared to the other orbital phases. 
hen the frequencies of GQ Dra were examined in detail, it was

lso found that independent frequencies are divided by the fre- 
uency of the orbital period or its multiples. The frequencies of
Q Dra are given in T able 5 . T aking into account the results, we

ould conclude that GQ Dra is another candidate for tidally tilted
ulsators. 
RR Lep also shows frequency modulation with the orbital period 

nd the frequency structure like GQ Dra (see, Table 5 ). Ho we ver,
his system does not have enough TESS data, hence the pulsation
roperties could not be examined in detail. The frequency modulation 
ould also be caused by the orbital light time effect (Hey et al. 2020 )
ut for such close binary systems with tight orbits, this effect will
e too small to be detected. Therefore, RR Lep is considered to be a
andidate tidally tilted pulsator. The frequency list for the pulsation 
omponent of RR Lep is given in Table 5 . When the TYC 683-
40-1 system was examined, we obtained that the system does not
how similar behavior to other systems. It exhibits 12 independent 
requencies given in Table 6 . The amplitude spectra of the target
ystems are given in Fig. 7 . 

 DI SCUSSI ON  A N D  C O N C L U S I O N S  

he importance of eclipsing binary systems with pulsating com- 
onents has been known for decades. In this study, three single-
ined eclipsing binary systems with pulsating components, GQ Dra, 
R Lep, and TYC 683-640-1, were analysed. We investigated these 

ystems to reveal their pulsation structure and binary properties. 
irst, a spectroscopic analysis was carried out to derive the or-
ital parameters from the radial velocity measurements and the 
tmospheric parameters for the more luminous primary compo- 
MNRAS 527, 4076–4086 (2024) 
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Table 4. Results of the binary modelling and the astrophysical parameters. The subscripts p, s, and 3 represent the 
primary , secondary , and third components. a and l sho w the fixed parameters and relati ve luminosity, respecti vely. 

Parameter GQ Dra RR Lep TYC 683-640-1 

i ( o ) 76.46 ± 0.31 79.12 ± 0.32 83.68 ± 0.30 
T eff p 

a (K) 8700 ± 100 7800 ± 100 7500 ± 100 
T eff s (K) 4997 ± 126 4232 ± 137 6215 ± 128 
	p 2.791 ± 0.010 2.833 ± 0.010 3.596 ± 0.020 
	s 2.536 ± 0.017 2.413 ± 0.016 6.435 ± 0.092 
φ −0.0073 ± 0.0001 0.0027 ± 0.0001 0.0001 ± 0.0002 
q 0.348 ± 0.010 0.276 ± 0.010 0.503 ± 0.010 
r p ∗ (mean) 0.416 ± 0.002 0.402 ± 0.002 0.329 ± 0.003 
r s ∗ (mean) 0.290 ± 0.002 0.273 ± 0.002 0.097 ± 0.001 
l p / ( l p + l s ) 0.91 ± 0.02 0.95 ± 0.02 0.95 ± 0.02 
l s /( l p + l s ) 0.09 ± 0.02 0.05 ± 0.02 0.05 ± 0.01 
l 3 0.24 ± 0.03 0.03 ± 0.01 –

Derived quantities 
M p (M �) 2.16 ± 0.16 1.79 ± 0.12 2.09 ± 0.10 
M s (M �) 0.75 ± 0.02 0.50 ± 0.02 1.05 ± 0.02 
R p ( R �) 2.09 ± 0.05 2.10 ± 0.04 3.70 ± 0.08 
R s ( R �) 1.39 ± 0.04 1.35 ± 0.03 1.09 ± 0.07 
log L p ( L �) 1.35 ± 0.02 1.17 ± 0.02 1.59 ± 0.02 
log L s ( L �) 0.03 ± 0.01 −0.28 ± 0.02 0.20 ± 0.01 
log g p (cgs) 4.13 ± 0.04 4.05 ± 0.04 3.62 ± 0.04 
log g s (cgs) 4.03 ± 0.03 3.87 ± 0.03 4.39 ± 0.06 
M bolometric p (mag) 1.37 ± 0.37 1.84 ± 0.35 0.78 ± 0.35 
M bolometric s (mag) 4.67 ± 0.66 5.45 ± 0.81 4.25 ± 0.86 
M V p (mag) 1.43 ± 0.39 1.80 ± 0.37 0.72 ± 0.37 
M V s (mag) 4.93 ± 0.68 6.23 ± 0.83 4.20 ± 0.88 

∗fractional radius, R / a . 

Figure 5. Modulation of the frequencies of GQ Dra with the frequency of 
the orbital period of 1.305645 d −1 . The size of the symbols represents the 
amplitudes of pulsations. 

n  
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f
d

Figure 6. Top Panel: Phased light curve of GQ Dra. Middle panel: Pulsa- 
tion amplitude variation of GQ Dra with the orbital phase. Bottom panel: 
Amplitude variation of highest amplitude independent pulsation frequency 
34.8346 −1 with the orbital phase. 
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ents. As a result, the orbital, atmospheric parameters, and in
ddition, the chemical abundances of the primary binary compo-
ents were determined. Some of those quantities were used as
nput in the binary modelling. With the binary modelling, the
undamental stellar parameters (e.g. M , R ) of the systems were 
erived. 
NRAS 527, 4076–4086 (2024) 
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Table 5. The pulsation frequencies of GQ Dra and RR Lep. Error estimates 
for the independent frequencies and phases are given in parentheses. 

GQ Dra 
Frequency Amplitude Phase 

(d −1 ) (mmag) (radians) 

ν1 − 10 νorb 21.7784(1) 0.0663(5) 0.86(1) 
ν1 − 9 νorb 23.0843(1) 0.1244(5) 0.49(1) 
ν1 − 8 νorb 24.3895(1) 0.1324(5) 0.16(1) 
ν1 − 7 νorb 25.6955(1) 0.0939(5) 0.47(2) 
ν1 − 6 νorb 27.0013(1) 0.1957(5) 0.35(1) 
ν1 − 5 νorb 28.3068(1) 0.4478(5) 0.54(1) 
ν1 − 3 νorb 30.9176(1) 0.1578(5) 0.90(1) 
ν1 − 2 νorb 32.2233(1) 1.5891(5) 0.04(1) 
ν1 − νorb 33.5291(1) 1.1255(5) 0.96(1) 
ν1 34.8346(1) 2.0376(5) 0.75(1) 
ν1 + νorb 36.1404(1) 0.1842(5) 0.23(1) 
ν1 + 2 νorb 37.4460(1) 0.0985(5) 0.76(1) 
ν1 + 3 νorb 38.7515(1) 0.1326(5) 0.58(1) 
ν1 + 4 νorb 40.0572(1) 0.0723(5) 0.83(1) 
ν2 − 7 νorb 24.0757(1) 0.0762(5) 0.27(1) 
ν2 − 6 νorb 25.3817(1) 0.0702(5) 0.59(1) 
ν2 − 5 νorb 26.6870(1) 0.1787(5) 0.88(1) 
ν2 − 3 νorb 29.2983(1) 0.6048(5) 0.43(1) 
ν2 − 2 νorb 30.6039(1) 0.6319(5) 0.25(1) 
ν2 − νorb 31.9096(1) 0.4155(5) 0.94(1) 
ν2 33.2152(1) 0.8354(5) 0.84(1) 
ν2 + νorb 34.5209(1) 0.0869(5) 0.51(1) 
ν2 + 2 νorb 35.8266(1) 0.0820(5) 0.08(1) 
ν2 + 3 νorb 37.1321(1) 0.1146(5) 0.33(1) 
ν3 − 7 νorb 14.9017(1) 0.0824(5) 0.03(1) 
ν3 − 6 νorb 16.2072(1) 0.0965(5) 0.68(1) 
ν3 − 5 νorb 17.5129(1) 0.1496(5) 0.97(1) 
ν3 − 4 νorb 18.8185(1) 0.1130(5) 0.26(1) 
ν3 − 3 νorb 20.1241(1) 0.4828(5) 0.57(1) 
ν3 − 2 νorb 21.4299(1) 0.2284(5) 0.34(1) 
ν3 − νorb 22.7356(1) 0.4038(5) 0.79(1) 
ν3 24.0411(1) 0.6691(5) 0.93(1) 
ν3 + νorb 25.3469(1) 0.01171(5) 0.39(1) 
ν3 + 2 νorb 26.6525(1) 0.0862(5) 0.20(1) 
ν3 + 3 νorb 27.9581(1) 0.1257(5) 0.04(1) 
ν4 − 4 νorb 21.0529(1) 0.0981(5) 0.93(1) 
ν4 − 2 νorb 23.6643(1) 0.0589(5) 0.64(1) 
ν4 26.2756(1) 0.6690(5) 0.22(1) 
ν4 + νorb 27.5812(1) 0.1543(5) 0.54(1) 
ν4 + 2 νorb 28.8870(1) 0.2866(5) 0.49(1) 
ν5 − 2 νorb 22.5057(1) 0.1172(5) 0.03(1) 
ν5 25.1172(1) 0.2204(5) 0.28(1) 
ν6 34.8468(1) 0.0825(5) 0.50(1) 
ν7 − νorb 32.2190(1) 0.0667(5) 0.96(1) 
ν7 33.5216(1) 0.0774(5) 0.45(1) 

RR Lep 
ν1 − 2 νorb 29.6795(1) 3.2503(2) 0.71(1) 
ν1 − νorb 30.7745(1) 0.6122(2) 0.67(1) 
ν1 31.8657(1) 3.4633(2) 0.65(1) 
ν2 − 2 νorb 30.0915(3) 2.4292(2) 0.83(1) 
ν2 − νorb 33.3651(4) 0.9127(2) 0.51(1) 
ν2 32.2758(1) 2.4795(4) 0.18(1) 
ν3 25.7821(1) 1.2466(4) 0.48(1) 
ν3 + 2 νorb 27.9645(4) 0.9400(2) 0.23(1) 
ν3 + 4 νorb 30.1526(4) 1.2150(2) 0.77(1) 
ν4 23.6646(1) 1.2043 0.86(4) 
ν5 − 2 νorb 24.2693(4) 0.7770(2) 0.96(1) 
ν6 32.4914(1) 0.9665(2) 0.05(1) 
ν6 + 2 νorb 34.6776(1) 0.9534(2) 0.49(1) 
ν7 31.9858(1) 0.5322(2) 0.91(1) 

Table 6. The pulsation frequencies of TYC 683-640-1. Error estimates for 
the independent frequencies and phases are given in parentheses. 

Frequency Amplitude Phase 
(d −1 ) (mmag) (radians) 

ν1 7.5638(1) 4.3445(2) 0.40(1) 
ν2 11.1392(1) 1.3032(2) 0.66(1) 
ν3 6.7684(1) 1.1798(2) 0.16(1) 
ν4 6.8568(1) 1.1310(2) 0.59(1) 
ν5 10.3861(1) 1.0657(2) 0.89(1) 
ν6 13.7636(1) 0.9923(2) 0.98(1) 
ν7 13.3121(1) 0.9841(2) 0.73(1) 
ν8 12.4956(1) 1.0962(2) 0.44(1) 
ν9 13.0431(1) 0.7788(2) 0.47(1) 
ν10 12.9451(1) 0.7283(2) 0.28(1) 
ν11 6.0268(1) 0.5776(2) 0.43(1) 
ν12 12.4494(1) 0.5754(2) 0.24(1) 
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We compared our results with the conclusions of the previous 
tudies. For GQ Dra, Ula s ¸ et al. ( 2020 ) carried out a binary mod-
lling analysis. Their results show significant differences from ours. 
specially, the difference in M and R parameters is significant. This
iscrepancy could be caused by the quality of the photometric data
nd the difference in the T eff values. The RR Lep system was already
tudied by Liakos & Niarchos ( 2013 ). In this study, binary modelling
as performed with ground-based photometric data. The results 
f this study and ours show a discrepancy in the parameters of
he secondary component because of the noise level in the data.
YC 683-640-1 was investigated by Ula s ¸ et al. ( 2022 ). For this
ystem, there is also a significant difference between the M and
 v alues. All dif ferences in this and other systems are probably
aused by the pulsations in addition to the data quality . Especially ,
YC 683-640-1 exhibits high amplitude pulsations that affect the 
hapes of eclipses. If the pulsations are not remo v ed before the
inary modelling, they would affect the sensitivity of the resulting 
arameters because of the high-amplitude oscillation. Hence, the 
ource of this difference in TYC 683-640-1 is probably the pulsation
ffects. 

The pulsational behaviour of the target systems was examined 
nd the primary components of the systems were classified as δ
cuti variables. Their positions were shown in the Hertzsprung–
ussell (H-R) diagram in Fig. 8 . All the primary components were

ound to be located inside the δ Scuti instability strip. In addition, we
ound that two systems, GQ Dra and RR Lep, are strong candidates
f tidally tilted pulsators. Tidally tilted pulsators are a new type of
scillating object. Their frequencies are modulated with the orbital 
eriod and they show oscillations that are dominant in one part
f the pulsating star. The number of known tidally tilted objects
s less than 10 [e.g. CO Cam (Kurtz et al., 2020 ), TIC 63328020
Rappaport et al., 2021 ), HD 265435 (Jayaraman et al., 2022 ), TZ Dra
Kahraman Ali c ¸avu s ¸ et al., 2022 )], and all properties of such systems
re not known yet. Hence, the increasing number of such systems
s important to investigate them in detail. With this study, we
etermined the fundamental stellar parameters of three important 
clipsing binaries with δ Scuti pulsators. Such systems are unique 
ince the y giv e us sensitiv e stellar parameters needed for accurate
heoretical modelling. 
MNRAS 527, 4076–4086 (2024) 
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Figure 7. The amplitude spectra of the targets. The dashed lines represent the 4.5 σ level. 

Figure 8. The positions of the primary binary components in the H-R 

diagram. The instability strip borders of the δ Scuti stars, and evolution tracks 
were taken from Murphy et al. ( 2019 ) and Kahraman Ali c ¸avu s ¸ et al. ( 2016 ), 
respectively. 
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Y. T., Ali c ¸avu s ¸ F., 2022, Res. Astron. Astrophys. , 22, 085003 
ahraman Ali c ¸avu s ¸ F. et al., 2022, MNRAS , 510, 1413 
ahraman Ali c ¸avu s ¸ F. , C ¸ oban C ¸ . G., C ¸ elik E., Dogan D. S., Ekinci O.,

Ali c ¸avu s ¸ F., 2023, MNRAS , 524, 619 
reiner J. M. , 2004, Acta Astron., 54, 207 
urtz D. W. et al., 2020, MNRAS , 494, 5118 
urucz R. L. , Avrett E. H., 1981, SAO Special Rep., 391, 391 
urucz R. , 1993, Kurucz CD-ROM, Smithsonian Astrophysical Observatory, 

Cambridge 
ampens P. , 2021, Galax , 9, 28 
enz P. , Breger M., 2005, Commun. Asterioseismol. , 146, 53 
iakos A. , Niarchos P., 2013, Ap&SS , 343, 123 
iakos A. , Niarchos P., 2017, MNRAS , 465, 1181 
urphy S. , Hey D., Van Reeth T., Bedding T., 2019, MNRAS , 485, 2380 
able A1. Radial velocity measurements. 

GQ Dra RR Lep
D v r JD 

458000 + (km s −1 ) 2458000 + 

86.5932 − 64.37 ± 2.12 1148.6426 
88.5279 25.05 ± 2.306 1148.6727 
052.4623 − 57.29 ± 1.52 1161.6189 
052.4773 − 65.55 ± 1.89 1161.7470 
052.4902 − 65.43 ± 2.31 1162.7652 
053.4486 − 71.09 ± 1.78 1194.5267 
053.4610 − 69.67 ± 1.81 1230.5302 
053.4735 − 56.62 ± 1.83 1231.4448 
053.4786 − 53.35 ± 1.50 1234.4751 
054.4543 65.07 ± 1.46 1235.5580 
054.4664 64.02 ± 1.77 1236.5112 
054.4942 69.79 ± 1.94 1237.5292 
054.5375 68.25 ± 1.12 1253.5125 
055.4600 − 5.02 ± 2.64 1254.4879 
055.4727 − 22.34 ± 2.42 1256.4999 
055.4850 − 37.16 ± 3.06 1880.6959 
055.4972 − 51.72 ± 1.59 1960.5042 
055.5092 − 52.99 ± 1.28 2008.4416 
055.5210 − 59.028 ± 1.46 2010.3959 
056.4348 − 94.95 ± 2.46 2011.4243 
057.4220 7.59 ± 1.94 
058.4323 49.32 ± 2.21 
059.4310 − 87.52 ± 1.86 
060.4274 − 19.31 ± 2.11 
089.4929 − 43.04 ± 2.26 
089.5050 − 45.33 ± 1.94 
089.5172 − 27.69 ± 1.83 
089.5386 − 7.12 ± 1.64 
090.5043 70.59 ± 2.01 
093.4523 29.29 ± 1.61 
093.4666 31.70 ± 2.08 
114.3565 40.05 ± 2.75 
114.4027 10.82 ± 1.91 
iemczura E. , Smalley B., Pych W., 2014, in EwaNiemczura, BarrySmalley,
WojtekPych, eds., Determination of Atmospheric Parameters of B-, A-, 
F- and G-Type Stars. Series: GeoPlanet: Earth and Planetary Sciences, 
Springer International Publishing 

 avlo vski K. , Southworth J., Tkachenko A., Van Reeth T., Tamajo E., 2023,
A&A , 671, A139 

appaport S. A. et al., 2021, MNRAS , 503, 254 
askin G. et al., 2011, A&A , 526, A69 
icker G. R. et al., 2014, SPIE, 9143, 914320 
odr ́ıguez E. , Breger M., 2001, A&A , 366, 178 
uci ́nski S. M. , 1969, Acta Astron., 19, 245 
outhworth J. , 2020, Observatory , 140, 247 
tassun K. G. et al., 2019, AJ , 158, 138 
ody D. , 1986, SPIE, 627, 733 
la s ¸ B. et al., 2020, Acta Astron. , 70, 219 
la s ¸ B. , Ulusoy C., Erkan N., Madiba M., Matsete M., 2022, Ap&SS , 367,

22 
ilson R. E. , Devinney E. J., 1971, ApJ , 166, 605 

an Hamme W. , 1993, AJ , 106, 2096 
on Zeipel H. , 1924, MNRAS , 84, 665 
ola S. et al., 2004, Acta Astron., 54, 299 
ola S. , Gazeas K., Kreiner J. M., Ogloza W., Siwak M., Koziel-Wierzbowska

D., Winiarski M., 2010, MNRAS , 408, 464 

PPENDI X  
MNRAS 527, 4076–4086 (2024) 

 TYC 683-640-1 
v r JD v r 

(km s −1 ) 2458000 + (km s −1 ) 

49.29 ± 0.73 1161.5732 − 52.12 ± 1.76 
56.00 ± 0.99 1161.7130 − 35.71 ± 0.40 
43.20 ± 1.01 1162.4861 51.62 ± 0.65 
10.32 ± 1.74 1162.6284 40.95 ± 0.49 

− 37.66 ± 1.59 1233.4901 43.28 ± 0.69 
57.86 ± 1.36 1233.5104 46.48 ± 0.59 

− 54.96 ± 1.75 1234.4436 − 26.76 ± 0.52 
− 39.83 ± 1.07 1237.4702 − 93.99 ± 0.53 
− 40.70 ± 0.86 1253.4055 56.03 ± 0.92 

19.95 ± 1.49 1253.4055 59.01 ± 0.99 
41.31 ± 1.61 1254.5059 − 83.77 ± 0.51 
58.29 ± 1.06 1255.4516 11.51 ± 0.40 

− 59.90 ± 1.01 1256.5179 − 4.93 ± 0.43 
− 62.09 ± 1.25 1257.4226 − 73.90 ± 0.55 
− 21.47 ± 0.94 1879.6145 − 57.67 ± 1.60 
− 63.20 ± 1.28 1910.6352 58.42 ± 0.83 
− 48.50 ± 1.76 1913.6657 21.26 ± 1.33 

55.89 ± 1.89 1957.4028 52.90 ± 1.41 
49.28 ± 1.41 1959.6006 26.33 ± 1.71 

4.44 ± 2.56 1960.4056 25.57 ± 1.55 
2006.3639 25.44 ± 1.13 
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Table A2. Abundances of individual elements of the component stars. The 
number of the analysed spectral parts is given in parentheses. 

Elements GQ Dra RR Lep TYC 683-640-1 

6 C 8.47 ± 0.35 (2) 8.56 ± 0.22 (5) 8.63 ± 0.20 (2) 

11 Na 6.20 ± 0.20 (1) 7.16 ± 0.20 (2) 

12 Mg 8.07 ± 0.34 (5) 7.46 ± 0.22 (3) 8.23 ± 0.37 (2) 

14 Si 6.80 ± 0.29 (3) 7.55 ± 0.32 (5) 7.69 ± 0.35 (7) 

20 Ca 6.54 ± 0.42 (4) 6.15 ± 0.23 (4) 7.07 ± 0.35 (11) 

21 Sc 3.54 ± 0.20 (2) 2.93 ± 0.34 (3) 3.80 ± 0.30 (4) 

22 Ti 5.20 ± 0.46 (12) 4.88 ± 0.36 (11) 5.49 ± 0.51 (25) 

23 V 4.63 ± 0.20 (2) 4.95 ± 0.26 (4) 

24 Cr 5.91 ± 0.27 (6) 5.49 ± 0.36 (9) 6.11 ± 0.31 (14) 

25 Mn 5.43 ± 0.20 (1) 5.34 ± 0.20 (2) 

26 Fe 7.67 ± 0.26 (28) 7.15 ± 0.27 (29) 7.73 ± 0.60 (71) 

27 Co 5.46 ± 0.20 (2) 5.71 ± 0.20 (1) 

28 Ni 6.49 ± 0.26 (5) 6.21 ± 0.34 (7) 6.82 ± 0.23 (16) 

29 Cu 4.72 ± 0.20 (1) 5.28 ± 0.20 (1) 

30 Zn 4.70 ± 0.20 (1) 

38 Sr 3.06 ± 0.20 (1) 1.89 ± 0.20 (1) 

39 Y 3.52 ± 0.20 (1) 4.21 ± 0.20 (2) 

40 Zr 2.42 ± 0.34 (3) 3.80 ± 0.20 (2) 

56 Ba 2.24 ± 0.20 (2) 1.77 ± 0.20 (2) 3.44 ± 0.20 (1) 
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