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Abstract First multi-wavelength photometric light curves (LCs) bétshort-period eclipsing binary (EB)
1SWASP J034439.97+030425.5 (hereafter J0344) are pessant analyzed by using the 2013 version
of the Wilson-Devinney (W-D) code. To explain the asymnteti€Cs of J0344, a cool star-spot on the less
massive component was employed. The photometric solusibggest that J0344 is a W-subtype shallow
contact EB with a contact degree pf= 4.9% + 3.0% and a mass ratio af = 2.456 + 0.013. Moreover,

an obvious third light was detected in our analysis. We dated the average luminosity contribution
of the third light to the total light, and that value reachesta 49.78%. Based on th@ — C' method,
the variations of the orbital period were studied for thet firme. OurO — C diagram reveals a secular
decrease superimposed on a cyclic oscillation. The onbérbd decreases at a ratedd?/dt = —6.07 x
10~7 dyr—t, which can be explained by the mass transfer from the morsimasomponent to the less
massive one. Besides, its— C diagram also shows a cyclic oscillation with an amplitud®.6030 d and

a period about 7.08 yr, which can be explained by the presehaehird body with a minimum mass of
M3min = 0.15+0.02 M. The third component may play an important role in the forore&nd evolution

of J0344 by drawing angular momentum from the central system

Key words. stars: binaries: close — stars: binaries: eclipsing — stamdividual (1SWASP
J034439.97+030425.5)

1 INTRODUCTION et al. 2004) and CSS (Drake et al. 2013, 2014), many
eclipsing binaries (EBs) with orbital period near or be-
The formation and evolution of short-period contact eclips low 0.22d have been reported without detailed study s-
ing binaries (CEBs) are still unsolved issues in the modince 1992 (Rucinski 1992, 2007). Recently, using the da-
ern astrophysics (Fabrycky & Tremaine 2007; Zhou et alt2 released by the Large Sky Area Multi-Object Fiber
2016a; Zhang et al. 2017a). One of these issues is wh§Pectroscopic Telescope (LAMOST, Cui et al. 2012; Luo
the period distribution of the CEBs exhibits a sharp short€t al. 2012; Zhao et al. 2012; Tian et al. 2018), a statisti-
period limit around 0.22d (Lohr et al. 2014). With the de- cal study reveals that the new value of the period cut-off of
velopment of the several sky surveys in the world, sucH°EBs reduces to 0.20d (Qian et al. 2017). Besides, by us-
as SuperWASP (Lohr et al. 2013, 2015), NSVS (Wozniaknd the data from LAMOST, many EBs have been studied
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right now (Lee & Lin 2017; Lu et al. 2017; Qian et al. Table1l Coordinates of the J0344, the Comparison Star, and the
2018, 2019). After original research, several researchefsheck Star

have pointed out that the presence of the third body may Star 2000 342000 Vinag
be a possible reason (Jiang et al. 2015; Qian et al. 2015a; J0344(V) 03h44m39.975  103°04'25.5"  14.26
Zhang et al. 2018a; Zhang et al. 2019). Besides, some re- Comparison(C) 03"44™48.28°  +03°03 13.5"  14.67
ports indicate that these CEBs are usually shallow con- _Check(Ch) 03"44™44.96"  +03°01'43.6"  15.43

tact with small temperature difference between two com-

ponents €400 K) and strong activity (Kjurkchieva et al. Gaomeigu observational station of Yunnan Observatories

2018; Liu et al. 2018; Zhang et al. 2018b; Li et al. 2019). (YNOs, Fan etal. 2015; Qian et al. 2015b; Pi et al. 2016).
A lot of EBs are formed with an unseen third body !tS filter system is a standard Johnson’s multicolor CCD

(Zhou et al. 2016a; Li et al. 2018). For these triple Sys_photometric system. The integration time was 55 sBer
tems, if the third body is a close-in stellar component,band’ 50s forV’-band, 40s fork-band, and 25s for-

then it will primarily affect the color indices and the spec- band, respectively. Another two stars near the target were
tral identification of the central EBs (Jiang et al. 2015).chosen as the comparison star and the check star, respec-
The reason is that these close-in additional stellar comfively. The coordinates of the variable star, the compari-
ponents can contribute many of light for the central sysSOn and check stars are listed in Table 1. The light curves
tem, which can be detected by using the Wilson-Devinne{L-Cs) observed by using the 2.4-m telescope are displayed
(W-D) code. Based on this method, many EBs with a thirdn Figure 1.

light have been discovered, for instance, AS Ser (Zhuetal. PHOT (measure magnitudes for a list of stars) of the
2008), AO Ser (Yang et al. 2010), KIC 9532219 (Lee et@perture photometry package of IRARas used to reduce

al. 2016), KIC 5621294 and KIC 9007918 (Zasche et althe observed images from 2.4-m telescope, including a flat-
2015), MQ UMa (Zhou et al. 2015), V548 Cyg (Zhu et al. fielding and bias-fielding correction process. Meanwhile,
2016), EP And (Liao et al. 2013) and VZ Psc (Ma et al."éW determined minimum times of J0344 by using the
2018). Besides, the presence of the third body can make th@ast-squares method are listed in Table 2.

eclipse times of the EBs change periodically (LTTE, Liao

& Qian 2010; Wang et al. 2014, 2018). Using the tradition-3 ORBITAL PERIOD INVESTIGATION

al O — C method, we can obtain the orbital parameters Obepending on the SuperWASP eclipses offered by Mr.
the third body after analyzing the times of light minimum Lohr, the ASAS-SN eclipses (Shappee et al. 2014:

of EBs with a given ephemeris (Liao & SarOtsakuIChaIKochanek et al. 2017) and our new observed times of
2019; Zhang et al. 2018b; Zhang et al. 2019). Forexamplqi,ght minima, the orbital period variations of J0344 were

V753 Mon (Qian et_al. 2013a), BI vul (Qian et al. 2013b), reanalyzed by using a least-square fitting method. Their
CSTAR 038663 (Qian et al. 2014), V776 Cas (Zhou et al.

.. O — C values were calculated with the following linear

2016b), V2284 Cyg (Wang et al. 2017) and VZ Lib (Liao . o R
etal. 2019) ephemeris, and the fitting curves are plotted in Figure 2.

J0344 is first identified as a short-period EB candi- Min.(HJD) =2454721.573501
date togethe_r with another 142 companions discovered py +0%.22087720(6) % E .
the Super Wide Angle Search for Planets (SuperWASP) in
2013 (Lohr et al. 2013), whose primary aim is to search for It should be noted that the data with larger errors (more
transiting extrasolar planets (Pollacco et al. 2006, Norto than 0.008 d) were removed in our analysis, and the aver-
et al. 2011). Its orbital periods are then determined with sge values were adopted for the eclipses with the same e-
high accuracy (0.22988d). Later on, J0344 is observed bgoches. The new ephemeris were then obtained as follows:
LAMOST and its spectral type confirmed as K3 with an
effective temperature of 5166 K. In order to understand the

1)

Min. I =2454721.57541(£0.00019)

physical properties, the origin and evolution of this targe +0.229878801(+0.000000062) x E

the detailed photometric analysis and orbital period study —1.91 x 10719(40.38) x E? @)

are presented in present work. +0.003006(£0.000188)

2 MULTI-COLOR CCD PHOTOMETRIC x sin(0.03200°(+0.00015) x B
OBSERVATIONS + 157.998°(+2.930)) .

New photometric observations of J0344#/ RI-bands 1 IRAF is distributed by the National Optical Astronomy Obsxory,

ied ¢ 2016 D b 29 . th which is operated by the Association of the UniversitiesResearch in
Wwere carried out on ecember » using F‘Astronomy, inc. (AURA) under cooperative agreement with [fational

2kx 4k P11024 camera attached to the 2.4-m telescope &tience Foundation.



Am(mag.)

B. Zhang et al.: Short-period Contact Eclipsing Binary J0344 47-3

A M M p My A AN s NN A b ssbaag g i AN Sk
7 e oottty 8% £k AR

T P e o T L o ety o e, PP s
i T e e LV P r e Y PV L PP VTSR VT

ko oo

B:C-Ch-0.6
V:C-Ch-0.3
R:C-Ch
1:C-Ch-0.2

45.00 45.05

4510
HJD(2457700+)

45.15

45.20

Fig.1 The light curves of J0344 observed by using the 2.4-m tefesao Yunnan Observatories at Gaomeigu observationabstati
The (C — Ch) curves are plotted at the top, which represent the lightesiof the comparison star relative to the check star.

Table2 New CCD Times of Light Minima for J0344

Star JD(Hel.) Error(d) Method Filter Telescope
J0344 2456683.80927 CCD \% ASAS-SN telescope
J0344  2457007.93426 CCD \% ASAS-SN telescope
J0344 2457365.84641 CCD \% ASAS-SN telescope
J0344  2457374.69623 CCD \% ASAS-SN telescope
J0344 2457421.81968 CCD \% ASAS-SN telescope
J0344  2457745.02125 +0.00018 CCD B Lijiang 2.4 m
J0344  2457745.13732 +0.00019 CCD B Lijiang 2.4 m
J0344  2457745.02107 +0.00036 CCD \% Lijiang 2.4 m
J0344  2457745.13701 +0.00031 CCD \% Lijiang 2.4 m
J0344  2457745.02092 +0.00021 CCD R Lijiang 2.4 m
J0344  2457745.13680 +0.00019 CCD R Lijiang 2.4 m
J0344  2457745.02098 +0.00009 CCD 1 Lijiang 2.4 m
J0344  2457745.13687 +0.00011 CCD I Lijiang 2.4 m
J0344  2457745.021055 +0.00021 CCD BV RI  Lijiang 2.4 m
J0344  2457745.137000 +0.00020 CCD BV RI Lijiang 2.4 m
J0344  2458473.143400 +0.00027 CCD R Kunming 1.0 m
J0344  2458473.143920 +0.00044 CCD 1. Kunming 1.0 m
J0344  2458762.330970 +0.00008 CCD I Xinglong 0.8 m

Based on the quadratic term included in these new The temperature for star 1 (star eclipsed at the primary
ephemeris, the continuous period change at a rate dight minimum),7; = 5165 K was fixed, with the K3 spec-
dP/dt= —6.07 +0.27 x 10~7 dyr~! is determined. The tral type according to LAMOST survey. We took the same
sinusoidal term in Equation (2) suggests a cyclic oscillavalues of gravity-darkening coefficients and the bolomet-
tion with an amplitude of 0.00380.0002d and a period of ric albedo for both components, i.g;, = g» = 0.32 ac-
7.08£0.15yr. The residuals are displayed at the bottom otording to the stellar temperatures given by Claret (2000)
andA; = A, = 0.5 (Rucihski 1969) were set for late-
type stars with a convective envelope. To account for the
limb-darkening, logarithmic functions were used during

Figure 2.

4 PHOTOMETRIC SOLUTIONS

our analysis. The adjustable parameters were: the mean

) ) temperature of star 2[5; the orbital inclination,i; the
To obtain photometric elements of J0344, and understang ;nochromatic light of star .5, Liv, Lig and L7

its evolutionary state, we analyzed the present LCs in thg,« gimensionless potentials of the two componéntand
BV RI-bands with the 2013 version W-D code (Wilson & 0.
Devinney 1971; Wilson 1979, 2012).
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Fig.2 The O — C diagram for J0344 formed by all available measurements.(The C'); values were computed using the linear
ephemeris (Eq. (1)). Thsolid line represents the combination of new linear ephemeris ana @atillation, and thelashed line
represents the quadratic term in the new ephemeris(®he '), values were computed with a new linear ephemeris in Eq. (8. T
bottom panel plots the residuals for the whole effect.

To obtain the input parameters, a g-search method was o164
used beginning our calculation (Zhang et al. 2017b). A S,
wide range was adopted from 0.2 to 3.8 with a step of N
0.1. During our analysis, we found that the photometric 0.00162 - ° /'
[ ]
/

solutions of the target converged at mode 3 (for contact \,\
binaries), and when the mass ratio less than 0.6 we can-
not get any convergence solutions. The g-search curve was
carried out and plotted in Figure 3 with a lowest point at

q = 2.4. Then, we se as an adjustable parameter and put

its initial value aty = 2.4. Because of the O’Connell effect
displayed in its LCs, a cool star-spot was added. Besides, TR S S
the third light and the changes of the orbital period were S
also cqnsidere_zd during our ar_walysisj Finally, the best pho- Fig.3 Q-search curve of J0344.

tometric solutions were obtained with cool star-spot and

the third light, which were listed in Table 3. Because of the
short time span of the{ — C) data and the small differ-
ence of the photometric solutions with and withdpy dt

considered, we adopted the photometric solutions Withoulf: . . .
. e . First photometric solutions for J0344 was obtained by us-
dp/dt added as our final results. The fitting curves using .
) R ng the 2013 version of the (W-D) code. We found that
these photometric elements were plotted in Figure 4. A . .
) i 0344 is a W-subtype CEB with a low contact degree of
the same time, the geometrical structure of the system .
. S = 4.9% + 3.0% and a mass ratio of = 2.456 & 0.013.
four different phases are shown in Figure 5. The phas . .
T . . he temperature difference between two components is
LCs shown in Figure 5 are calculated with the following i .
. - about 250 K. To explain the asymmetric LCs, a cool star-
linear ephemeris: . .
spot on the primary component was employed, which
means that it is active at present like other late-type EBs
4 (3) (Zhang et al. 2014). During our analysis, we found the p-
+0%.22987720(6) x E . resence of the third light. According to the results listed i

A
0.00160 |- '\
[ ]

0.00158 -

5 DISCUSSION AND CONCLUSIONS

Min.(HJD) = 2457745.13700(2)
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Fig.4 The observational and theoretical light curves of J034BWnRI-bands. Thesircles andsolid lines represent the observational
and theoretical light curves, respectively. The fittingdeals are plotted in the bottom panel.

©=0.75

Fig.5 Geometric configurations for J0344 at different phases.@h,®.5, 0.75).

Table 3, the luminosity contribution of the tertiary compo- also exhibit a negative O’Connell effect (Qian et al. 2015a)
nent to the total lightis 57.57%, 52.17%, 46.68%, 42.70%which is in agreement with our result. Thé&-band LCs
intheB, V, R and/-bands, respectively. One of the mainly from 2.4-m telescope shows that the Max. Il is brighter
features of the W-subtype CEB is that the primary minimathan Max. | about 0.015 magnitude. The variation of the
of these systems are produced due to the occultation of tHeCs can be interpreted by changing positions and parame-
more massive and cooler components (Li et al. 2019). Ifers of star-spots (Zhou et al. 2018; Zhou & Soonthornthum
we assume that the mass of the more massive star of J032819). At present, we have not found the cycle to cycle
is M2 = 0.70 £ 0.03 M, (K3, Cox 2000), then, the mass variation of the LCs, and more observations are needed in
of the less one is estimated to b& = 0.29(£0.01) M,  the future.

through the mass ratig Using theO — C method, we analyzed the orbital peri-

The LCs observed by SuperWASP and ASAS-3N (| od changes of J0344. Tli¢ — C diagram of J0344 shows
band) surveys also show an obvious LC variation (thea downward parabolic variation with a rate éP/dt =
O’Connell effect, Li et al. 2015, 2016, 2017). Although the —6.07 x 10~7 d yr !, which can be explained by the mass
data from these two surveys are very scattered, their LCsansfer from more massive component to the less massive
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Table 3 Photometric Solutions for J0344

Without dp/dt With dp/dt
Parameters Values Errors Values Errors
g1 = g2 0.32 Assumed| 0.32 Assumed
Ay = Ay 0.5 Assumed| 0.5 Assumed
Ty (K) 5166 Assumed| 5166 Assumed
q 2.456 +0.013 2.456 +0.013
To(K) 4915 +10 4921 +10
i(°) 70.703 +0.409 70.677 +0.153
L1/(L1 + L2)(B) 0.3875 +0.0077 | 0.3850 +0.0042
Li/(L1 + L2)(V) 0.3697 +0.0076 | 0.3677 +0.0036
L1/(L1 + L2)(R) 0.3546 +0.0073 | 0.3546 +0.0073
L1 /(L1 + L2)(1) 0.3451 +0.0071 | 0.3530 +0.0030
Ls/(L1 + L2 + L3)(B) | 05757 +0.0094 | 0.5754 +0.0085
L3/(L1+ L2+ L3)(V) | 05217 +0.0106 | 0.5216 +0.0096
Ls/(L1 + L2 + L3)(R) | 0.4668 +0.0117 | 0.4664 +0.0087
L3/(L1+ Lo+ L3)(I) 0.4270 +0.0124 | 0.4264 +0.0095
01=0Q9 5.855 +0.018 5.887 +0.0036
r1(pole) 0.2832 +0.0007 | 0.2828 +0.0006
r1(side) 0.2952 +0.0008 | 0.2948 +0.0007
r1(back) 0.3275 +0.0012 | 0.3271 +0.0008
ra(pole) 0.4312 +0.0016 | 0.4333 +0.0034
ro(side) 0.4599 +0.0022 | 0.4627 +0.0046
ro(back) 0.4868 +0.0029 | 0.4901 +0.0063
Latitude() 107.427 +1.318 106.535 +1.207
Longitude() 265.873 +1.433 270.000 +2.293
Radiusp) 28.075 +2.253 28.032 +0.459
Ty 0.84 Assumed| 0.84 Assumed
S (0 — C)f 0.00166 0.00031

Table4 Parameters of the Tertiary Component in J0344

Parameters Values Units
Ps 7.08(0.12) yr

Asg 0.00301£:0.00027) d
asin(iz) 0.52+0.13 AU
f(m) 2.80(0.27)x 103 Mg
M3sin(is) 0.15#0.02) Mg
as(is = 90°) 3.43 0.36) AU

one. In addition, it) — C diagram shows a cyclic varia- The minima massi§ = 90°) of the third body is estimated
tion. Considering the presence of the third light, we thinkas Ms,,;, = 0.15 M. In addition, as shown in Table 3,
that this cyclic oscillation may be caused due to the preswe noted that the luminosity contribution of the third light
ence of the tertiary stellar component. Based on the fittinglecreases from the shorter wavelength to the longer wave-
parameters that we obtained, the projected radius of the olength. The reason for this is that the third body may be a
bit that J0344 rotates around at the barycenter of the triplate-type star whose radiation is concentrated in the short
system is calculated with the equation:

algsinz'g = A3 X c,

(4)

whereA; is the amplitude of thé& — C oscillation, and 3
is the orbital inclination of the third body ands the speed
of light. Then, the mass function of the tertiary companionStars.

is computed with
f(m)

o 47T2 % ’
GP?

(a5 siniz)?

(]\/[3 sin i3)3

(M + Ms + M3)2’

(%)

whereP; is the period ofD — C5, oscillation,G is the grav-
itational constant, and/s is the mass of the third body. J232100.1+410736 (see Table 5) are W-subtype CEBs with
These parameters of the third body are listed in Table 4an obvious third light that has been detected. It should be

wavelengthes. At the same time, it is very close to the cen-
tral system with a low orbital inclination, which is consis-
tent with our photometric solutions and the period investi-
gation (Zhu et al. 2008). What all these means, J0344 per-
haps is a rarely triple system consisting of three late-type

As mentioned earlier, the third light is a usual way
offered by the W-D code to search for possible multi-
systems. The earlier statistic study from the Kepler pho-
tometric database confirmed that at least 20% of close bi-
naries have tertiary companions (Rappaport et al. 2013).
We counted all of the published CEBs with a period near
the 0.22d and found that only NSVS 7179685 and CRTS
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Table5 The Well Studied W-subtype CEBs Near the Period Limit Withhérd Light

Star Period (d)  f(%) L3a/L.1(%) logJ.  Ref.
NSVS 7179685 0.209740 19 45 -0.9286 [1]
CRTS J232100.1+410736  0.211984 16 20 -0.9170 [2]
J0344 0.2298772 5 50 -0.9039 [3]

Notes: [1] Dimitrov & Kjurkchieva 2015; [2] Li et al. 2019; [3The present work.

noted that the orbital angular momentum listed in Table §Grant Nos. U1931101, 11933008, 11573063, U1731238,
was calculated by using the expression (Popper & UlrichJ1831120 and 11565010), the Key Science Foundation

1977), of Yunnan Province (No. 2017FA001), the Special Funds
it = My Ma( P )% ' 6) for Thgorencal Physics of the NSFC (No. 11847102),
My + M, the Joint Research Fund in Astronomy (Grant Nos.

The origin of these short-period CEBs is still an opent1631108 and U1831109) under cooperative agreemen-

question. The progenitor of J0344 may be a system simf-between the NSFC and the C_Zhinese Ac_ademy of Sc.iences
ilar to DV Psc (Robb et al. 1999; Zhang & Zhang 2007: (CAS), th_e res_earch fund of Sichuan University of Sm_ence
Zhang et al. 2010; Pi et al. 2014, 2019), which is an R$Nd Engineering (Grant No. 2015RC42), the Science
CVn-type binary with a spectral type of K4-5 (StephensonFoundat'on of China University of Petroleum-Beijing At
1986; Lu et al. 2001). Qian et al. (2013a,b, 2014) thought@ramay (No. RCYJ2016B-03-006), the Key Laboratory
that the existence of an additional stellar component maP" the Structure and Evolution of Celestial Objects, CAS
play an important role for helping to produce these sys(N(?' OP201708), the. Doc_toral Starting up Foundation of
tems. Specifically, the third body may remove the angulaftizhou Normal University 2018 (GZNUD[2018] 12),

momentum from the central binary system during the egrdnd th_e Guizhou.province’s innovation and entrepreneuri-
ly dynamical interaction or late evolution, which will ac- & Project for high-level overseas talents (Grant No.

celerate the orbital evolution of these binaries (Zhou et all2019] 02). We acknowledge the support of the staff of
2016b). the Xinglong 80-cm telescope. This work was partial-
In summary, our results support the previously pub-Iy supported by t-he Open Project Rrogram of the .Key
lished conclusion , for example, many of these short-perioé)“"‘bor""'[Ory ,Of Opt|f:al Astronomy, Natlonal Astronomical
CEBs are W-subtype shallow contact EBs with stellar Spopbservato.rles, Chme.se Academy of Suencgs. New C,CD
activity and small temperature differences (KjurkchievaphOtOmemc obsgrvatlons ofJ0344-1"vvere obtained by using
et al. 2018; Liu et al. 2018; Zhang et al. 2015, 2018a; Li"® 1.0-m (Kunming) and 2.4-m (Lijiang) telescopes at the

etal. 2019). Besides, J0344 is a rare short-period CEB Syg_unnan Observatories, respectively.
tem with a strong third light. As Qian et al. (2015b) dis-
cussed, the circumbinary companions play a vital role "Beferences
the origin and evolution of the short period contact bina‘CIaret, A. 2000, A&A, 359, 289
ries. With the development of worldwide surveys, a greatcoy A N. 2000, Introduction, Allen's Astrophysical Quiies
number of contact binaries around the short period cut-off (4th ed. New York: AIP Press)
have been identified. One of them, J0344 is an importangi x -Q., Zhao, Y.-H., Chu, Y.-Q., et al. 2012, RAA (Resefar
and rare target for testing theories of short-period W UMa- Astronomy and Astrophysics), 12, 1197
type binaries’ formation and evolution. Consequently, Wepjmitrov, D. P., & Kjurkchieva, D. P. 2015, MNRAS, 448, 2890
expect to find more such candidates, which will provideprake, A. J., Catelan, M., Djorgovski, S. G., et al. 2013, ApJ
more valuable information on the formation of contact bi- 763 32
naries at the short period limit as well as their origin andprake, A. J., Djorgovski, S. G., Garcfdvarez, D., et al. 2014,
evolution. However, because the time span of éur(C) ApJ, 790, 157
data is relative short (less than 10yr), long-time and highrabrycky, D., & Tremaine, S. 2007, ApJ, 669, 1298
precision observations are required to confirm our result$an, Y.-F., Bai, J.-M., Zhang, J.-J., et al. 2015, RAA (Reskein
in the future. Astronomy and Astrophysics), 15, 918

Jiang, L., Qian, S.-B., Zhang, J., & Liu, N. 2015, PASJ, 673 11
Acknowledgements We thank the anonymous referee Kjurkchieva, D. P., Dimitrov, D. P., Ibryamov, S. I., & Vasila,
for useful comments and suggestions that have im- D.L.2018, PASA, 35, e008
proved the quality of the manuscript. Many thanks toKochanek, C. S., Shappee, B. J., Stanek, K. Z., et al. 2013PPA
Dr. Marcus Lohr for his kindly sending us eclipse tim- 129, 104502
ings of J0344. This work is partly supported by the Lee, J.-W., Hong, K., Koo, J.-R., & Park, J.-H. 2016, ApJ, 820
Natural Natural Science Foundation of China (NSFC) 1L



47-8

Lee, C.-H., & Lin, C.-C. 2017, RAA (Research in Astronomy
and Astrophysics), 17, 15

Li, K., Gao, D. Y., Hu, S. M, et al. 2016, Ap&SS, 361, 63

Li, K., Hu, S., Chen, X., & Guo, D. 2017, PASJ, 69, 79

Li, K., Hu, S. M., Guo, D. F,, etal. 2015, AJ, 149, 120

Li, K., Xia, Q.-Q., Hu, S.-M., et al. 2018, PASP, 130, 074201

Li, K., Xia, Q.-Q., Michel, R., et al. 2019, MNRAS, 485, 4588

Liao, W.-P., & Qian, S.-B. 2010, MNRAS, 405, 1930

Liao, W. P., Qian, S. B., Li, K., et al. 2013, AJ, 146, 79

Liao, W.-P., & Sarotsakulchai, T. 2019, PASP, 131, 014202

Liao, W. P, Qian, S. B., & Sarotsakulchai, T. 2019, AJ, 15¥7 2

Liu, L., Qian, S. B., Fernandez Lajls, E., et al. 2018, A|®S
363, 15

Lohr, M. E., Hodgkin, S. T., Norton, A. J., & Kolb, U. C. 2014,
A&A, 563, A34

Lohr, M. E., Norton, A. J., Kolb, U. C., et al. 2013, A&A, 549,
A86

Lohr, M. E., Norton, A. J., Payne, S. G., West, R. G., &
Wheatley, P. J. 2015, A&A, 578, A136

Lu, H.-P., Zhang, L.-Y., Han, X.-L., Pi, Q.-F., & Wang, D.-m.
2017, NewA, 51, 59

Lu, W., Rucinski, S. M., & Ogtoza, W. 2001, AJ, 122, 402

Luo, A. L., Zhang, H.-T., Zhao, Y.-H., et al. 2012,
RAA (Research in Astronomy and Astrophysics), 12, 1243

Ma, S., Li, K., Li, Q. C., & Gao, H. Y. 2018, NewA, 59, 1

Norton, A. J., Payne, S. G., Evans, T., et al. 2011, A&A, 528A,
90N

Pi, Q.-f., Zhang, L.-y., Bi, S.-I., et al. 2019, ApJ, 877, 75

Pi, Q.-F., Zhang, L.-Y., Chang, L., et al. 2016, RAA (Res&arc
Astronomy and Astrophysics), 16, 153

Pi, Q.-f., Zhang, L.-Y,, Li, Z.-m., & Zhang, X.-l. 2014, AJ4Z,
50

Pollacco, D. L., Skillen, I., Collier Cameron, A., et al. )0
PASP, 118, 1407

Popper, D. M., & Ulrich, R. K. 1977, ApJ, 212, L131

Qian, S.-B., He, J.-J., Zhang, J., et al. 2017, RAA (Resegrch
Astronomy and Astrophysics), 17, 087

Qian, S. B., Zhang, J., He, J. J., et al. 2018, ApJS, 235, 5

Qian, S. B., Zhang, J., Wang, J. J., et al. 2013a, ApJS, 207, 22

Qian, S. B, Liu, N. P., Li, K., et al. 2013b, ApJS, 209, 13

Qian, S. B., Wang, J. J., Zhu, L. Y., etal. 2014, ApJS, 212, 4

Qian, S. B, Jiang, L. Q., Fernandez Lajus, E., et al. 20ABd,
798, L42

Qian, S. B., Zhang, B., Soonthornthum, B., et al. 2015b, A0, 1
117

Qian, S.-B., Shi, X.-D., Zhu, L.-Y., et al. 2019, RAA (Res&ar
in Astronomy and Astrophysics), 19, 064

Rappaport, S., Deck, K., Levine, A., et al. 2013, ApJ, 768, 33

B. Zhang et al.: Short-period Contact Eclipsing Binary J0344

Robb, R. M., Wagg, J., Berndsen, A., & Desroches, L. 1999,
Information Bulletin on Variable Stars, 4800, 1

Rucinski, S. M. 1969, Acta Astronomica, 19, 245

Rucinski, S. M. 1992, AJ, 103, 960

Rucinski, S. M. 2007, MNRAS, 382, 393

Shappee, B. J., Prieto, J. L., Grupe, D., et al. 2014, ApJ, 488

Stephenson, C. B. 1986, AJ, 92, 139

Tian, Z.-J., Liu, X.-W., Yuan, H.-B., et al. 2018, RAA (Resela
in Astronomy and Astrophysics), 18, 052

Wang, J. J., Qian, S. B., He, J. J., Li, L. J., & Zhao, E. G. 2014,
AJ, 148, 95

Wang, J.-J., Jiang, L.-Q., Zhang, B., et al. 2017, PASP, 129,
124202

Wang, J., Zhang, B., Yu, J., Liu, L., & Tian, X. 2018, PASJ, 70,
72

Wilson, R. E. 1979, ApJ, 234, 1054

Wilson, R. E. 2012, AJ, 144, 73

Wilson, R. E., & Devinney, E. J. 1971, ApJ, 166, 605

Wozniak, P. R., Vestrand, W. T., Akerlof, C. W, et al. 2084,
127, 2436

Yang, Y. G., Hu, S. M., Guo, D. F., Wei, J. Y., & Dai, H. F. 2010,
AJ, 139, 1360

Zasche, P., Wolf, M., Keéakova, H., et al. 2015, AJ, 149, 197

Zhang, B., Qian, S. B., Liao, W. P., et al. 2015, NewA, 41, 37

Zhang, B., Qian, S.-B., Michel, R., Soonthornthum, B., & Zhu
L.-Y. 2018a, RAA (Research in Astronomy and Astrophysics),
18, 30

Zhang, B., Qian, S.-B., Liao, W.-P., et al. 2018b, RAA (Reska
in Astronomy and Astrophysics), 18, 116

Zhang, B., Qian, S.-B., Zhi, Q.-J., et al. 2019, PASP, 132203

Zhang, B., Qian, S.-B., Miloslav Zejda, et al. 2017a, NewA, 5
52

Zhang, J., Qian, S.-B., Han, Z.-T., & Wu, Y. 2017b, MNRAS,
466, 1118

Zhang, L.-Y., Pi, Q.-F., & Yang, Y.-G. 2014, MNRAS, 442, 2620

Zhang, L., Zhang, X., & Zhu, Z. 2010, NewA, 15, 362

Zhang, X. B., & Zhang, R. X. 2007, MNRAS, 382, 1133

Zhao, G., Zhao, Y.-H., Chu, Y.-Q., Jing, Y.-P., & Deng, L.-C.
2012, RAA (Research in Astronomy and Astrophysics), 12,
723

Zhou, X., Qian, S. B., Liao, W. P, et al. 2015, AJ, 150, 83

Zhou, X., Qian, S. B., Zhang, J., Zhang, B., & Kreiner, J. 20016
AJ, 151, 67

Zhou, X., Qian, S. B., Zhang, J., et al. 2016b, ApJ, 817, 133

Zhou, X., Qian, S., Boonrucksar, S., et al. 2018, PASJ, 70, 87

Zhou, X., & Soonthornthum, B. 2019, PASJ, 71, 39

Zhu, L. Y., Qian, S. B., & Yang, Y. G. 2008, AJ, 136, 337

Zhu, L. Y., Zhou, X., Hu, J. Y., et al. 2016, AJ, 151, 107



