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Abstract ASAS J174406+2446.8 was originally found ag &cuti-type pulsating star with the period
P=0.189068d by ASAS survey. However, the LAMOST stellar pagtars reveal that it is far beyond the
red edge of pulsational instability strip on the; g — T" diagram ofd Scuti pulsating stars. To understand
the physical properties of the variable star, we observbg the 1.0-m Cassegrain reflecting telescope at
Yunnan Observatories. Multi-color light curvesiih V', R. andI,. bands were obtained and are analyzed by
using the W-D program. It is found that this variable star ghallow-contact binary with an EB-type light
curve and an orbital period of 0.3781 d rather tharBeuti star. It is a W-subtype contact binary with a mass
ratio of 1.135(+0.019) and a fill-out factor 0fL0.4%(+5.6)%. The situation of ASAS J174406+2446.8
resembles those of other EB-type marginal-contact bisavireh as UU Lyn, Il Per and GW Tau. All of
them are at a key evolutionary phase from a semi-detachdifjooation to a contact system predicted by
the thermal relaxation oscillation theory. The linear epkés was corrected by using 303 new determined
times of light minimum. It is detected that th{¢ — C' curve shows a sinusoidal variation that could be
explained by the light-travel-time effect via the presen€a cool red dwarf. The present investigation
reveals that some of theScuti-type stars beyond the red edge of pulsating instalsitiip on thelog g — T'
diagram are misclassified eclipsing binaries. To undedstheir structures and evolutionary states, more
studies are required in the future.

Key words: stars: binaries : close — stars: binaries : eclipsing — stagsuti — stars: individual (ASAS
J174406+2446.8)

1 INTRODUCTION field of variable stars. However, the physical properties of
many variable stars are unknown because of the lack of
A large number of variable stars including eclipsing bina-the gpectroscoplc data. During the first stage of ;pectro-
ries have been detected by several photometric sky supLopIC survey of LAMOST (Wang et "’_‘l' 1996; Cui et "?‘"
veys around the world, such as the Optical Gravitationa?mz)’ many fspectr.oscop|c dgta of vanab]es were obtained
Lensing Experiment Survey (OGLE; Udalski et al. by LAMOST m_cludlng pulsating _stars (Qian et al. 2018a,
2015; Pietrukowicz et al. 2013), the Gaia mission (Gaia2019a) and binary systems (Qian et.al. 2017, 2018b).
Collaboration et al. 2016, 2018), the All Sky Automated Moreov_er, more than tvyo hundred and.f|fty thousand_spec-
Survey (ASAS; Pojmanski & Maciejewski 2005), the troscopic binary or v_anable star candidates were discov-
northern sky variability survey (NSVS; Wozniak et al. ered by LAMOST (Qian et al. 2019b).
2004), the Wide Angle Search for Planets (SuperWASP; By using the LAMOST data, Qian et al. (2018a) con-
Pollacco et al. 2006; Norton et al. 2011) and the Catalinatructed thdog g — T' diagram ofé Scuti pulsating stars
Real-time Transient Survey (CRTS; Drake et al. 2012)displayed in Figure 1 and found a special group &cuti
Those detections have improved the development of thstars (red dots in the figure, and blue dots refer to nor-
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2 NEW CCD PHOTOMETRIC OBSERVATIONS

cool § Scuti stars.

Table 1 The Information of J1744 from ASAS

In order to make a correct follow-up study, we observed
the first CCD multi-color light curves for J1744. 1t was ob-
served on 2019 May 15 and June 7 with the Andor DW-

Parameter Value 936N-BV CCD system on 1.0-m Cassegrain reflecting
RA2000 17 44 05.65 telescope (1m) at Yunnan Observatories (YNOSs) in China.
DeGooo +24 46 47.1 . . )
V (mag) 12.85 (0.765) The 'Felescopes have been .equlpped W|.th the Johnson
Period (d) 0.189068 Cousin-BesseB, V, R. andl. filters. According to weath-

Table 2 The Spectral Information of J1744

Released by LAMOST

er conditions, period and band, the exposure time of J1744
is set to 50 seconds iB band, 40 seconds W band, 30
seconds ink,. band and 25 seconds iih band. All the
observed images were reduced by the aperture photome-

Parameter Value

Obsdate 2013-06-03 try package of the Image Reduction and Analysis Facility
Subclass G7 (IRAF) software. Differential magnitudes, which can rep-
%gg Togzzé?(; (17226)91) resent the change of object star, were calculated from the
[Fe/H] 0.186(0.070) magnitudes of object star minus the magnitudes of a nearby

rU

—21.00(12.00)

invariable comparison star. We tried to use twice the pulsa-

tion period given by ASAS to splice the phase of the light
mal § Scuti stars) are far beyond the red edge of pulsaeurve, in Figure 3. It was found that the magnitudes of the
tional instability strip on the diagram. These stars are disprimary minima is obviously different to that in the sec-
tinguished from the normal Scuti stars, and may be a ondary minima, the difference more than 0.1 mag, and the
new-type pulsating star or may be misclassified. ASASight variation out of eclipsing is continuous. That means
J174406+2446.8 (hereafter J1744) is one of those special 744 is an EB-type eclipsing binary star, nof &cuti-
pulsating stars and the position on tlhg ¢ — 7" diagram  type pulsating star.
is shown in Figure 1. It is discovered ag &cuti-type pul-
sating star with a period of 0.189068d by the ASAS sur3 THE ECLIPSE TIMES AND THE ORBITAL
vey (Pojmanski 2002) and its related parameters are listed PERIOD ANALYSIS

in Table 1. The ASAS light curve is shown in Figure 2 S
that shows a large scatter indicating the classification malf! ©rder to get the eclipsing times of J1744, we collected

not be reliable. The spectral atmospheric parameters &hotometric data from ASAS (qumanski 2002), NSVS,
J1744 obtained by LAMOST are listed in Table 2. To study>UPerWASP (Pollacco et al. 2006; Norton et al. 2011) and
whether it is a new-type pulsating star or misclassified, w&RTS (Drake et al. 2012). By using the splicing phase
provide new CCD photometric light curves BV R.1. gnd parabola flttlpg method, 303 light minimum are de-
bands, then those light curves are carefully analyzed. Atived from the original data Those eclipsing times in-
the same time, some new times of light minimum are ob- 1 aj of these photometric data are listed in the supplemgrata.
tained and the orbital periodic changes are investigated. 2 All of these eclipsing times data are listed in the supplemargrdata.
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Fig. 3 New CCD photometric observations i V, R, andl. of J1744 (the phase calculated by using Eq. (1)).
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Fig.4 TheO — C diagrams of the eclipsing binary J1744. T3okd lines refer to the revised ephemeris.

clude 158 primary times and 127 secondary times calbr. M. E. Lohr, and the method of obtaining eclipse time
culated using SuperWASP data, three primary times anis borrowed from Lohr et al. (2014).

three secondary times using ASAS data, seven primary By using the double period given by ASAS and a pri-

times and three secondary times using CRTS data angar minimum, the linear ephemeris was derived as,
one primary time and one secondary time using our data.

Here, a full SuperWASP raw data are kindly provided by
Min.I = 2458619.26636 + 09.378136 x E, (1)
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oooss T T T T 1 haveconvective envelope. Therefore, its bolometric albed
A1 = Ay = 0.5 (Rucinski 1969) and its gravity-darkening
coefficientsg; = g2 = 0.32 (Lucy 1967) were assumed.
0.00053 \\ 1 To obtain the bolometric and bandpass limb-darkening co-
0.00052 1\ ) efficients, the parameter of limb darkening was taken ac-
0.00051 1 f cording to the logarithmic law. To adjust the parameter-
~ - i The minimum 3 achieved / s (includedi (the orbital inclination);T> (the mean tem-
0:000%0 R stams-2 J perature of star 2); (the mass ratio of\/>/M;); Ly (the
000049 - Kk\, (/cf/ 1 monochromatic luminosity of star 1); a2} (the dimen-
0.00048 |- oy, N f’ i sionless potential of star 1, aifith = Q- for overcontact
1 configuration using mode 3) ), we will in principle obtain
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To obtain the highly critical parameter mass ratji@a
Fig.5 The relation betweeR andq of J1744 without spot.  g-search method was performed for a series of mass ratios
q from 0.2 to 6. The mode 2 (for detached binaries), mod-
the(O—C), values of all available data were computed. Ine 3 (for overcontact binaries), mode 4 (for semi-detached
the upper panel of Figure 4, tlie— C' values of all of light  binaries with a lobe-filling star 1) and mode 5 (for semi-
minimum show linear distributions indicating that the peri detached binaries with a lobe-filling star 2) were tried, but
od needs to be revised. After linear fitting correction usingonly at mode 3 it could converge. In Figure 5, the relation-
all available data, a better linear ephemeris is determinesl between the sum of the squares of the residtadsd
as, the mass ratiq is displayed. The minimum values &f
Min.T = 2458619.27099(+0.00035) isatqg = 3.2 fro_m the ngmerical resglt an_d the parame-
(2) ters corresponding to thigvalue are listed in the second
+0.378141051(+0.000000088) x E. columns of Table 3. However, as shown in Figure 5, the
value ofq from 1.2 to 4.7 the corresponding changebf

The (O — C), diagram respect to the ephemeris is dis- 4
played in the middle panel of Figure 4. As shown in thelS very small. The observed data cannot be well fitted by

figure, theO — C curve display a cyclic change and the the theoretical light curves, in Figure 6, _especially near t
trend is more obvious if the more diffuse ASAS and CR.I-Sthe 0.25 phase. The differences of magnitude between 0.25

data are removed, only reliable SuperWASP and 1m datBhase and 0.75 phase is usually attributed to spot activity,

are retained. The least-square method derived the foIIovx?—UCh as, GR Tau (Qian 2002), V789 Her (I_‘i et al. 2018),
ing equation: CN And (Van Hamme et al. 2001), V53 (Li et al. 2017),

and LL Com (Hu et al. 2019) etc., where using the spot
(O — C)2 =0.0000015(£0.0003546) + 0.0043(+0.0003)  model the asymmetrical light curve could be successfully
x sin{m/5740.07273(£408.39194) and reasonably fitted. In view of this situation that the 0.25
hase is brighter than the 0.75 phase, two spot models can
E — 1384.08282(+936.86733)]}.. P .
<1 ( I be adopted: (i) a hot spot can be seen at phase near to 0.25;

In the equation, the sinusoidal term means a cyclic vari(”) a cool spot can be seen at all the phase except near to
ation with a period of 11.89 years and an amplitude of2-25. For the first model, the hot spot can be in either of the
0.0043d. The residuals fitting with Equation (3) are showrfWO sub-stars. For the second model, the cool spot must be

in the lower panel of Figure 4. After linear fitting to those Obseerd at more pha;e than a hot spot in the first mod-
residuals, the slope is0 x 10~8, which has less error than el, which means to achieve the same effect, a larger area of
the orbital period in Equation (2). So Equation (3) gives the cool spot peed to be used. After we test the tvyo models,
well fitting result. no matter which sub-star of J1744 the cool spot is on, only
the coverage area more than 70%, the light curves could be
4 PHOTOMETRIC SOLUTIONS OF J1744 fitted well. But gsing a hot spot, the covergge area is less
than 30%, the light curves could also be fitted well. Both
The first CCD multi-color light curves of J1744 were ana-spot models are used for representation the non-uniformity
lyzed using the 2013 version of the W-D program (Wilsonof surface temperature and a large cool spot produces the
& Devinney 1971; Wilson 1979, 1990, 2012 and Vansame non-uniformity as a small hot spot on other remain-
Hamme & Wilson 2007). According to spectral informa- ing areas, so the second model is excluded. According to
tion, the temperature of star 1 was takerfas= 5492 K.  the location of the spot, there are two different situations
Itis a late-type binary and both components of the binaryor the first model: the hot spot on sub-star 1 with a lon-
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Fig. 6 Theoretical ¢olid line) and observational light curveblack open stars, triangles, circles andsquares) of J1744 without spot.
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Fig. 7 The relation betweek andq of J1744 with a hot spot on star 1 or star 2.

gitude of about 80°, or the hot spot on sub-star 2 with a The final solution shows that J1744 is a W-subtype contact
longitude of abou®®. With a hot spot on sub-star 1, the binary star with a fill-out factof = 10.4(+5.6)% and a
g-search method was performed again, and the minimumnass ratioy = 1.135(4-0.019).

value ofX is atq = 1.7, as shown in Figure 7. Similarly,

in Figure 7 the minimum value of. with a hot spot on 5 DISCUSSIONS AND CONCLUSIONS

component 2 is ay = 1.2, and the value of is lower

than that in the previous case. For the first case, a hot spgt-/44 has been classified ag &cuti-type pulsating star
on component 1g = 1.7 as the initial value and as a free With @ period=0.189068d. However, the LAMOST at-
parameter, we fail to get a convergent solution. For the sedl'0Spheric parameters reveal that it is far beyond the red
ond case, a hot spot on component 2, we obtained a go(%pge of pulsational instability strip @f Scuti stars on the

convergent solution near= 1.2 for the same operation.  10g¢g — 7' diagram (Qian et al. 2018a). This indicates that
itis a special star or it was misclassified. To understand the

Therefore, the final solution is a hot spot on compo-observational properties of the star, we observed it by us-
nent 2, and the parameters are listed in the third columing the 1.0-m telescope at Yunnan Observatories. The more
of Table 3, corresponding theoretical and observed lighaccurate multi-color light curves shown in Figure 3 sug-
curves are shown in Figure 8. The geometrical structure afest that it is an EB-type eclipsing binary star with an or-
the 0.0, 0.25, 0.5 and 0.75 phases is shown in Figure %ital period of 0.3781d. The light varies continuously and
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Fig. 8 Theoretical ¢olid line) and observational light curvebl&ck open stars, triangles, circles andsquares) of J1744 with a hot spot
on star 2.
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Fig. 9 Geometrical structure of the overcontact binary syste4Hf phases 0.0, 0.25, 0.5, and 0.75 with a hot spot on star 2.

the magnitude difference between the two minima is large& Eggleton 1977), contact binaries must undergo cycles
than 0.1 mag. By using the W-D program to analyze thearound the state of marginal contact and they should be os-
light curves, it is detected that it is a low fill-out contaét b cillating between the semi-detached and contact configura-
nary. The fill-out factorf of the binary isl0.4(£5.6)% and  tions. However, the main problem of TRO remaining is the
the mass ratiq is 1.135(£0.019), where the surface tem- apparent non-existence of EB-type binaries with orbital pe
perature of the more massive component is slightly cooleriods shorter than 0.4 d (e.g.,Rahunen 1981). The detection
than the less massive one. of J1744 as an EB-type binary with an orbital shorter than
According the theory of thermal relaxation oscilla- 0.4d (0.3781d) makes it an interesting system. It resem-
tion (TRO) (Lucy 1976; Flannery 1976 and Robertsonbles UU Lyn (Zhuetal. 2007), Il Per (Zhu et al. 2009), and
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Table 3 The Photometric Solutions of J1744 Using the W-D Code

Parameter Without spot A hot spot on star 2
Mode Overcontact binary ~ Overcontact binary
Gravity-darkening coefficientyy; = g2)¢ 0.32(assumed) 0.32(assumed)
Bolometric albedd A1 = A2)“ 0.5(assumed) 0.5(assumed)
Temperature of star (7 )* (K) 5492(assumed) 5492(assumed)
Orbital inclinationz 71.44(18) 69.847(85)
Mass ratiog (M2 /M) 3.2000000 1.135(19)
Temperature ratids /71 0.9153(18) 0.9193(16)
Luminosity ratioL1 /(L1 + L2) in bandB 0.3942(21) 0.6158(23)
Luminosity ratioL2 /(L1 + L2) in bandB 0.6058(21) 0.3842(23)
Luminosity ratioL1 /(L1 + L2) in bandV’ 0.3616(17) 0.5844(23)
Luminosity ratioL2 /(L1 + L2) in bandV 0.6384(17) 0.4156(23)
Luminosity ratioL1 /(L1 + L2) in bandR. 0.3432(14) 0.5657(22)
Luminosity ratioL2 /(L1 + L2) in bandR. 0.6568(14) 0.4343(22)
Luminosity ratioL1 /(L1 + L2) in bandlc 0.3302(12) 0.5522(22)
Luminosity ratioL2 /(L1 + L2) in band/. 0.6698(12) 0.4478(22)
Modified dimensionless surface potentia = Q2 6.7943(89) 3.908(31)

The degree of contagtf)® 0.138(14) 0.104(56)
Radius of star 1 (relative to semimajor axis) in pole di@tti 0.26979(61) 0.3524(16)
Radius of star 2 (relative to semimajor axis) in pole di@tti 0.45811(57) 0.3728(56)
Radius of star 1 (relative to semimajor axis) in side dim@tti  0.28175(73) 0.3707(18)
Radius of star 2 (relative to semimajor axis) in side dim@tti  0.49334(78) 0.3933(71)
Radius of star 1 (relative to semimajor axis) in back dimtti 0.3189(12) 0.4056(19)
Radius of star 2 (relative to semimajor axis) in back dimcti 0.52058(98) 0.427(11)
Equal-volume radius of star 1 (relative to semimajor akis) 0.29193(50) 0.3784(10)
Equal-volume radius of star 2 (relative to semimajor akig) 0.49189(45) 0.4006(46)
Radius ratioRz /R1 1.6850(33) 1.059(12)
Theoretical mean densities of stapil(pe ) 0.8979(31) 0.8111(84)
Theoretical mean densities of stap2(pe ) 0.6006(35) 0.776(22)
Latitude of spo# (radian) 1.57079
Longitude of spot (radian) 0.19758
Angular radius of spot (radian) 0.46030
Dimensionless temperature factor of st 7 /7o) 1.08731

Yw(O — C)? 4.71321 x 104 2.91117 x 104

@ These were obtained by the method described in Section 4.

b I = (Qstar — Qinner)/(Qouter — Qinner), WhereQinner, Qouter andQstar are the modified dimen-
sionless potential of inner Roche lobe, outer Roche lobestardsurface, respectively.

¢ The theoretical mean densitiw/(%RS) in solar unit of 1410.040 842 kg T¥, which were derived
from photometric solutions (Zhang et al. 2017).

Note: The two digital numbers in the parentheses are theseorothe last two bits of the data.

GW Tau (Zhu & Qian 2006) where both components arehe linear ephemeris, th@ — C' curve shows a cyclic pe-

in the marginal contact. They may be at a key evolutionaryiod variation that can be well fitted by a sinusoidal curve.
phase from a semi-detached to a contact configuration arithe sinusoidal variation means that the presence of a third
just at the beginning of contact phase as predicted by thieody caused the light-travel time effect. We used the same
TRO (Lucy 1976; Flannery 1976; Robertson & Eggletonmethod as Qian et al. (e.g., Qian etal. 2007, 2013) to deter-
1977; Lucy & Wilson 1979). mine the parameters of the third body, and they are listed

Based on the spectral type of G7 given by LAMOST, in Table 4. We try to search for the third light by using the
the mass of the more massive component is estimatey-D program, but its ratio to total light is always close to
as0.85 M, (Cox 2000), and combining = 1.135, so  Z€ro. All of this reveal that if a third body exists, the or-
the mass of the less massive component is determined Bgal inclination of the third body will not be very low, i.e.
0.75 M. The light brightness at phase 0.25 is brighter’ > 30°, and that the third body is likely to be a cool red
than that of phase 0.75, which could be explained by a hdiwarf star, which cannot be observed because of its low
spot on the more massive but cooler component 2. FrofyMinosity contribution to the total system.
the photometric solutions, the surface temperature of com-  pyring the first stage of low-resolution spectroscopic
ponent 1 is hotter than component 2, and the mean density,ryey, a total of 525 Scuti-type pulsating stars were ob-
of component 1 is also higher than component 2. served by LAMOST (see Fig. 1). Qian et al. (2018a) con-

A total of 303 times of light minimum for the binary structed thdog g — T diagram and found 131 abnormal
system are derived from all the photometric data collectedi Scuti stars that are far beyond the red edge of pulsat-
Firstly, by using these minimum times, we have correcting instability strip. As one of those abnormalScuti s-
ed the linear ephemeris. Secondly, after the correction dhrs, we find that J1744 is a misclassified short-period EB-
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Table 4 The Orbital Parameters of the Third Companion in J1744Li, K., Xia, Q.-Q., Hu, S.-M., Guo, D.-F., & Chen, X. 2018,
PASP, 130, 074201

Parameter Value Unit .
N 0.0043(00.0003) 4 Li, K., Hu, S., Chen, X., & Guo, D. 2017, PASJ, 69, 79
Ps 11.89(assumed) yr Lohr, M. E., Norton, A. J., Anderson, D. R., et al. 2014, A&A,
a’?(sin)i’ 0. 75&0 05; s AA/\[U 566, A128
m 2.93(+0.61) x 10~ ©
m( = 90°)  0.21(x0.02) Mo Lucy, L. B. 1967, ZAp, 65, 89
mg(i’ — 700) 0. 23(:|:0 02) Mg Lucy, L. B. 1976, ApJ, 205, 208
ms(i’ = 50°)  0.28(%0.02) Mg Lucy, L. B., & Wilson, R. E. 1979, ApJ, 231, 502
ms((?,’ = 5’5]5)) gg%ig ggg 1‘/{3 Norton, A. J., Payne, S. G., Evans, T, et al. 2011, A&A, 528,
az(?r =
as(i’ =70°)  5.58(£0.58) AU A90
az(i’ =50°)  5.46(40.57) AU Pietrukowicz, P., Mroz, P., Soszyhski, I., et al. 2013,taAc
az(i’ = 30°)  5.14(40.56) AU

Astronomica, 63, 115

Pojmanski, G. 2002, Acta Astronomica, 52, 397
type binary. It is a marginal-contact binary and just reach- “Pojmanski, G., & Maciejewski, G., 2005, AcA, 55, 97
es the contact phase during the TRO cycles. To date, thefigy|iacco, D. L., Skillen, I., Collier Cameron, A., et al. )0

are about 5575 Scuti-type pulsating stars included inthe  pasp 118 1407

VSX (the international variable star index, e.g., Watsongjan, 5_’2002’, MNRAS, 336, 1247

et al. 2006). Our investigations indicate that some of themQjan, S.-B., He, J.-J., Zhang, J., et al. 2017, RAA (Resefrch

(or about 25%) may be misclassified. To understand the astronomy and Astrophysics), 17, 087

statistical properties of Scuti-type pulsating stars, they Qian, S. B., Li, L. J., He, J. J., et al. 2018a, MNRAS, 475, 478

need to be investigated in detail in the future. Qian, S.-B., Li, L.-J., He, J.-J., et al. 2019a, RAA (Resharc
Astronomy and Astrophysics), 19, 001
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