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Abstract 10 Cnc was classified to be a new G-type (G0) W UMa-type ecigpsinary system. Our first
multicolor photometric solutions show that IO Cnc is a nevsMistype shallow contact binary with a fill-out
factor of f = 16.1% and a low mass ratio @f= 3.12 (or 1/¢ = 0.32). During orbital period investigations,
a cyclic variation and a downward parabolic variation witrage of (—1.28 = 0.43) x 10~ dyr* was
discovered in the observed—calculated« C) curve. The cyclic variation was analyzed by the light ttave
time effect (LTTE) via a potential red dwarf companion ssar orbital semi-major axis shorter th&ug8 +
0.82 AU was obtained. Finally, we collect physical parametera sample of 50 G-type shallow contact
binaries (f < 20%), it is suggested that most of the G-type shallow contawdiies are undergoing a long-
term and periodic orbital period changes, especially mgstesns show long-term decreases. The long-term
orbital period decrease indicates that IO Cnc is in a massfiearing from the more massive component
to the less massive one. With the long-term decrease of thitabperiod, this shallow contact binary will
evolve into a deeper contact one.

Key words: stars: binaries: close — stars: binaries: eclipsing — stadévidual (I0 Cnc) — stars: solar-
type — stars: evolution

1 INTRODUCTION shows that many contact binaries are located in multiple
star systems (e.d.jao & Sarotsakulchai 20%9.iao et al.
2019 Shi et al. 2020Wang et al. 2020Zhang et al. 2020

Contact binaries (i.e., WUMa type binaries) usually
ghou&Soonthornthum 2020 Study on the contact

consist of two late-type components. Both component§ ™" = i ) .
fill their critical Roche lobes, and sharing a commonb'na”es_'n multlple star systems,.whlch could prowde
convective envelope (CCE). Contact binaries have thé& lot of |r.1forrnat|on for the formatlop and eYOIUI'O_n of
shortest periods and the lowest angular momentums amor‘f&nta(:t blngrles, should be-a potenual growmg ppmt for
main-sequence binaries. Statistical studies have shatn thunderstandlng the coqtact b|r.1ar|es’ evolution. In thlﬂglu
most contact binaries are solar-type main-sequence stafé presented the orbital period c.hanges and evolutionary
(Wang et al. 202D The solar-type contact binaries are theStatus for the solar-type contact binary 10 Cnc.

key observing samples, which may provide some similarity

to our Sun, such as magnetic activity, oscillation and soon.  The object IO Cnc#£ GSC 01402—-00052) is a short-

In addition, it is very important to study the correlation period binary system with an orbital period of 0.347694
amongst physical parameters for the solar-type binarieslays. It was discovered in 200Rifiner et al. 2008 where

The long-term monitoring on solar-type contact binariest was classified as a new W UMa variable, and its light
are helpful for understanding the magnetic activitiesvariation amplitude i9™.576+0M.023. After its discovery,
and evolutions of solar-like stars in extreme physicalonly some times of light minima were reported. Neither
conditions (fast rotation, common convective envelop)etc photometric solutions nor orbital period analyses for this
(Wang et al. 201y Moreover, more and more evidence system have been published.
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Based on the released data of the Large Sky Area
Multi-Object Fiber Spectroscopic Telescope (LAMOST),
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Table 1 Observation Log

. - T Date Filters  Telescopes Type
physical properties and a catalog of EW-type eclipsing 2014Jan 0L VE.I 85 om light curve
binaries were given byian et al.(2017. During 2013, 2014 Jan 07 VRZIZ 85cm light curve
IOCnc was observed by LAMOST three times. The 3014 Janll  Rclc 1m minimum :igﬂt

S . . 14 Mar 17 N 1 ini i
spectral parameters of this binary were given. According 2815 Maros N oo Ili%htt
to the distribution of the gravitational acceleratidog(g)) 2016 Jan 15 N 60 cm minimum light
and metallicity ([Fe/H]) for EWs Qian et al. 201, the 2016Nov12 I 60cm  minimum light

2017 Apr 08 R.I. 60 cm minimum light
values oflog(g) and [Fe/H] for IO Cnc are near the peak, 2018 May 04 Rel. 60 cm minimum light

indicating that it belongs to a typical EW-type eclipsing
binary.

In the present paper, multi-band CCD light curves an

grable 2 Coordinates and Magnitudes of the Variable and

orbital period variations of 1O Cnc are firstly investigated Comparison Stars

Then, combing statistics of 50 G-type shallow contact Targets 2000.0 52000.0 Mag.

binaries, the configuration and evolutionary state, plafsic  |0cnc 09"17M165.08  +16°19/34".5 V = 14.44

parameters of multiple star system are discussed. Comparison 1 09"17M28%.66 ~ +16°22'36”.5 R =12.9
Comparison 2 09"17M378.55  +16°22/06”.8 R = 13.6
Comparison 3 09"17M255.74  416°18'59”.8 R = 14.8
Comparison 4 09"17M215.31  416°17/36"”.3 R =13.7

2 NEW CCD PHOTOMETRY

From January 2014 to May 2018 (between HJD 2456659
and HJD 2458243), CCD observations of 10 Cnc were
carried out with those three telescopes in China, i.e., the
85 cm reflecting telescope at the Xinglong Station of
National Astronomical Observatories, Chinese Academy
of Sciences (NAOC), which was equipped with P11024
BFT 1024x 1024 CCD (Back-illuminated, Frame-Transfer
CCD); the 1.0 m and 60 cm Cassegrain reflecting
telescopes equipped with Andor DW436 204848 CCD

at Yunnan Observatories (YNOs). The observation log is . - . :
given in Tablel. Bias and flat-field images were also taken 00 02 04 0s 08 1.0
on all the observing nights for use in preprocessing. Phase

A X 20140101V A 20140107V
X 20140101_R, A 20140107_R,

2014010111, £ 201401071,

All the CCD images were processed with theFig.lObserved and theoretical light curvesigiack solid
DAOPHOT package of IRAF in a standard mode ©OJines).

determine differential magnitudes. A set of complete light

curves and nine new minimum curves were obtaineds THE FIRST PHOTOMETRIC SOLUTIONS BY

During light curve observations, the exposure times for \y_p PROGRAM

V(RI)cbands were setas 40 s, 30 s, and 20 s, respectively.

In order to get better light curves of 10 Cnc, the fluxesTo obtain photometric solutions of 10Cnc, the W-
of four stars in the field were summed together into ond® 2013 program Van Hamme & Wilson 2007
comparison star, and their differential magnitudes werdVilson & Devinney 1971 Wilson 2012 was used to
determined to verify that the four comparison stars arenalyzeV R.I, light curves of the binary system. During
invariable. The coordinates and magnitudes of the variablthe calculation, the mean temperature 58f8 + 38 K

and comparison stars are tabulated in Tabl€he phased for Star 2 was adopted. For the common convective
light curves calculated with Equatiori)(are displayed envelope of both component stars, the gravity-darkening
in Figure 1. Heliocentric Julian dates (JD (Hel.)) and the and the bolometric albedos coefficients were fixed to be
differential magnitudes/(m)) are given in Table. As g1, = 0.32andA; » = 0.5. The bolometric and bandpass
shown in Figurel, the light curves are typical EW-type limb-darkening coefficients were obtained by using an
with a small difference in the depths of the primary andinternal computation with the logarithmic law.

secondary. Nine new times of light minima determined  Firstly, we should obtain initial input values of those
with our observations are listed in Table parameters (i.e., the mass ratigthe orbital inclination,
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Table 3 Light Curve Observations for Eclipsing Binary 10 Cnc

V-Band
JD (Hel.) A(m)  JD (Hel.) A(m)  JD (Hel.) A(m) JD (Hel) A(m)

2456659.1067 2.439  2456659.1120 2.440 2456659.1173 2.42256659.1225 2.425
2456659.1085 2411  2456659.1138 2.448  2456659.1190 2.42856659.1243 2.412
2456659.1103 2.444  2456659.1155 2417  2456659.1208 2.42656659.1260 2.407

R.-Band
JD (Hel.) A(m) JD (Hel.) A(m) JD (Hel.) A(m) JD (Hel.) A(m)
2456659.1074 2.432 2456659.1126 2.436  2456659.1179 2.42856659.1232 2.419

2456659.1091 2.430 2456659.1144 2.456  2456659.1196 2.42856659.1249 2.394
2456659.1109 2.432  2456659.1161 2.450 2456659.1214 2.42856659.1267 2.405

I.-Band

JD (Hel.) A(m) JID (Hel.) A(m) JD (Hel) A(m) JD (Hel.) A(m)
2456659.1079 2.428 2456659.1131 2.429 2456659.1184 2.49956659.1237 2.421
2456659.1096 2.444  2456659.1149 2.442  2456659.1201 2.43856659.1254 2.409
2456659.1114 2.429 2456659.1166 2.420 2456659.1219 2.43456659.1272 2.383

This table is available in its entirety in machine-readabid Virtual Observatory (VO) forms in the online journal.
The entire table is availablelat t p: / / www. r aa- j our nal . or g/ docs/ Supp/ ms4702Tabl e3.t xt. A
portion is shown here for guidance regarding its form andeun

1, the mean temperature of StarZl, the monochromatic days fromO — C' gateway website was assumed.
luminosity of Star 1,L;, and the dimensionless surface

potentialQ); = €, for contact mode), therefore, a well- Minl = 2456665.37344(34) 4 09.347694 x E. (1)
known ¢-search method was used. We assumed a series

of trial values ofg during theg-search process. The  The correspondingO — C); curves are displayed in the

search diagram was plotted in the left panel of Figeire UPper panel of Figur8 along with the epoch numbet;,
It is shown that the minimum value of mean residualwhere green and red dots represent new observations in the

Y is achieved ay = 3.1. The final basic photometric Present paper and times of light minima obtained from the
solutions (without spot or third light) were obtained by CRTS project data, respectively.

performing a series of differential corrections, which ~ From the (O — C); diagram of 10Cnc, a cyclic
are listed in Column (2) of Tabl&. Theoretical light Oscillation superimposed on a continuous period change
curves (black lines) calculated with basic photometricexists. In the process of analysis, we have tried to consider
solutions compared with the normal points of the observe@ general case of an eccentric orbit. However, no credible
light curves (color points) are shown in Figute The results were obtained because: 1) the parameter errors
corresponding fitting residuals are displayed in the righPbtained are several times of the parameters themselves;
panel of Figure2. The basic photometric solutions show 2) or the periodP; obtained is longer than the data
that I0Cnc is a newly discovered W-subtype shallowduration. Therefore, we tried to use a pattern of parabolic-
contact binary with a mass ratio gf = 3.120 + 0.025  plus-pure cyclic variation to fit the trend of t® — C),

and a fill-out factor off = 16.1% =+ 5.0%. changes. A weight of /o was applied to observations
during the analysis. Then, based on a weighted least-
4 ORBITAL PERIOD VARIATIONS squares method, tH® — C); diagram of |0 Cnc was fitted

by the following equation,
To investigate the orbital period variations, all avai@bl
times of !lght minima are Fabulated in Table. where O—C— AJD0+AP0E+ﬁE2+Asin(QlE+<p), @)
15 new times of light minima of CRTS project data 2
(Drake et al. 200p obtained by using the method of

Li& Qian (2014 and Lietal. (20183 are listed. The “16'€ 1 = 360°P/P; (P is the orbital period of

: . eclipsing binaryp is the orbital period of the third body).
eclipse time, HJD 2451491.656 from ROTSE survey Wahe fitting parameters of orbital period variations areelist

not used because of its low precision. The — C); .
values are computed with the following linear e hemerisIn the upper part of Table.
P g b " The upper panel of Figur&is the fitting result, while

where 2456665.37344 is one of the times of light minima_ . S . .
obtained with our observations and a period of 0.34769 yclic variations caused by the third body are easily seen
' rom the middle panel. The residuals are shown in the

Lhttp://crts.cal tech. edu/ lower panel, where no apparent regularity can be traced.
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Table 4 All Available Times of Light Minima for 1O Cnc

HJD Errors(c)  Min. E (O-C)1 (O—-C)2 Ref.

@ () (d)
2452721.4882 0.0019 p -11343 0.0078 —0.0036 [1]
2453855.84494  0.00076 S -8080.5 0.0129 0.0021 CRTS
2454124.95962  0.00064 s —7306.5 0.0124 0.0020 CRTS
2454148.42876  0.00082 p —7239 0.0122 —-0.0018 CRTS
2454474.91551  0.00093 p —6300 0.0143 0.0045 CRTS
2454494.03729  0.00067 p —6245 0.0129 0.0031 CRTS
2454848.8582  0.0006 s —5224.5 0.0121 0.0030 [2]
2454849.9018  0.0004 s —5221.5 0.0126 0.0035 [2]
2454853.55175  0.00068 p -5211 0.0117 0.0027 CRTS
2454855.46616  0.00110 s -5205.5 0.0138 0.0048 CRTS
2455195.50662  0.00097 S —4227.5 0.0096 0.0013 CRTS
2455205.9378  0.0002 s —4197.5 0.0099 0.0017 [3]
2455231.49329  0.00074 p —4124 0.0099 0.0018 CRTS
2455295.4652  0.0022 p -3940 0.0061 -0.0019 [4]
2455577.9670 0.0007 S -3127.5 0.0065 —-0.0007 [5]
2455591.52842  0.00078 s —-3088.5 0.0079 0.0007 CRTS
2455593.61281  0.00097 S -3082.5 0.0061 -0.0010 CRTS
2455625.4271 0.0027 p —2991 0.0064 —0.0007 [6]
2455625.6003 0.0023 S —2990.5 0.0058 -0.0013 [6]
2455629.4260  0.0003 s —2979.5 0.0068 -0.0002 [71
2455649.4166 0.0003 p —2922 0.0050 —-00020 [7]
2455663.6733  0.0006 p -2881 0.0063 -0.0006 [5]
2455940.08856  0.00075 p —2086 0.0048 -0.0013 CRTS
2455963.5555  0.0008 s —2018.5 0.0024 -0.0036 [71
2455974.68132  0.00110 S -1986.5 0.0020 —0.0040 CRTS
2456003.7142  0.0004 p -1903 0.0024 -0.0035 [8]
2456010.4972 0.0008 S -1883.5 0.0054 —-0.0004 [7]
2456224.84858  0.00087 p —-1267 0.0034 -0.0017  CRTS
2456265.69480  0.00166 S -1149.5 —-0.0044 —-0.0093 CRTS
2456309.8611 0.0005 S -1022.5 0.0048 0.0000 [9]
2456659.28955  0.00032 s -17.5 0.0008 -0.0027  This study
2456665.37344  0.00034 p 0 0.0000 —0.0034 This study
2456669.19770  0.00021 p 11 -0.0004 —-0.0038  This study
2456734.04301  0.00069 S 197.5 0.0000 —-0.0031 This study
2456747.4258  0.0009 p 236 -0.0034 -0.0065  [10]
2456765.3354 0.0003 S 287.5 —-0.0001 —-0.0031 [10]
2457074.4373  0.0016 s 1176.5 0.0019 0.0002 [11]
2457074.6089 0.0008 p 1177 —-0.0004 -0.0021 [11]
2457087.12734  0.00099 p 1213 0.0011 —0.0005 This study
2457105.3836 0.0008 S 1265.5 0.0034 0.0018 [12]
2457403.35454  0.00042 s 2122.5 0.0006 0.0004 This study
2457705.32696  0.00038 p 2991 0.0008 0.0021 This study
2457852.05287  0.00033 p 3413 -0.0002 0.0019 This study
2458243.03471  0.00044 S 4537.5 —0.0003 0.0039 This study

References: [1Rinner et al(2003); [2] Diethelm(2009); [3] Diethelm(2010); [4] Hubscher & Monninger
(2012); [5] Diethelm (2012); [6] Hubscher et al(2012); [7] Hohkova et al(2013); [8] Diethelm (2012);
[9] Diethelm(2013; [10] Horkova et al(2015); [11] Hubscher(2015); [12] JurySek et al(2017).

5 DISCUSSIONS AND CONCLUSIONS of IOCnc are determined aB; = 0.69 + 0.01 Rg,

Ry = 1.14 £ 001 Re, L1 = 052+ 0.01 Lg, Ly =
The light curves for totally eclipsing G-type binary IOCnc 1.34 & 0.01 Lo, anda = 2.32 £+ 0.01 R, (herea is
were analysed with W-D method. It is found that it is athe separation between two components). The evolutionary
new W-subtype shallow contact binary with much morestatus for this binary is plotted in the Hertzsprung-Russel
massive but cooler component (~ 3.120, T3/T1 ~  (H-R) diagram (Fig4, solid symbols), which implies that
0.98 and f = 16.1 & 5.0%). The photometric results the secondary star is still a main sequence star while the
are reliable for such contact binaries having total ecipseprimary star has evolved away from the main sequence
(Terrell & Wilson 2005 Li et al. 2018h Liao et al. 2019.  stage, indicating that the less massive but hotter primary
The mass of the more massive component can be estimatethr is more evolved than the secondary star.
with mean spectroscopic type of GO for 10Cne
1.05 Mg. Then, the mass of the less massive component The first orbital period investigations of 10 Cnc are
is determined to bé&/; = 0.34 +0.01 M. With the same given in this paper. Based on the analyses of (the—
method ad.iao et al.(2013 used, the absolute parametersC') curves, a sinusoidal variation, superimposed on a
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Fig. 2 Left panel: the g-search diagram of 10 Cnc.
minus calculated light curves) from the solutions.
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Table 5 Photometric Solutions of |O Cnc

Parameters Values Values

Basic solutions with third light
Primary temperatur@? (K) 5941 + 83 5947 £+ 10
Secondary temperatufg (K) 5848 + 38 5848 + 38
Orbital inclinations(°) 81.2+£0.2 81.7+£0.5
Mass ratiog (Ma/M7) 3.120 £ 0.025 3.00 £0.10
Modified dimensionless surface potentid;(= 22) 6.675 £ 0.031 6.51 +£0.14
Luminosity ratioL1y /(L1y + Lav) 0.279 4 0.001 0.2876 £ 0.0013
Luminosity ratioL1r,./(L1r, + L2r,) 0.277 +0.001 0.2850 £ 0.0013
Luminosity ratioL1 1, /(L11, + Lar,.) 0.275 £ 0.001 0.2830 £ 0.0013

Luminosity ratioLs /(L1 + L2 + L3) in bandV’

Luminosity ratioL3 /(L1 + L2 + L3) in bandR.

Luminosity ratioL3 /(L1 + L2 + L3) in bandl.

Radius of star 1 (relative to semimajor axis) in pole dik@tti; (pole)
Radius of star 1 (relative to semimajor axis) in side di@tti; (side)
Radius of star 1 (relative to semimajor axis) in back diaecti; (back)
Radius of star 2 (relative to semimajor axis) in pole dik@ttis (pole)
Radius of star 2 (relative to semimajor axis) in side di@ttis (side)
Radius of star 2 (relative to semimajor axis) in back diettiz (back)
Fillout factor f (%)

Equal-volume radius of star 1 (relative to semimajor axis)
Equal-volume radius of star 2 (relative to semimajor axis)

0.27287 £ 0.00065
0.28516 + 0.00073
0.3233 £ 0.0010
0.4571 4+ 0.0025
0.4922 £ 0.0035
0.5200 £ 0.0047
16.1£5.0
0.29545 + 0.00047
0.4911 £+ 0.0021

0.020 £ 0.021
0.019 £ 0.021
0.040 £ 0.020
0.2775 £ 0.0032
0.2901 £ 0.0035
0.3290 £ 0.0041
0.451 £0.011
0.485 + 0.016
0.512 £ 0.021
18 £23

0.2997 £ 0.0021
0.4886 £ 0.0094

“The temperature is taken as the average ofitlhiein Qian et al.(2017).

continuous period change was derived. This pattern oAssuming conservation of the orbital angular momentum,
orbital period changes also appears in many other shallos@ for the close binary is on the order dfo®' —
contact binaries (e.g.Qianetal. 2013h; Yangetal. 10°2 gcn? (Lanza & Rodond 1999 Thus, the values of
2008 2009 201Q Lietal. 2015a Lietal. 2015h. For AQ; and AQ- for IO Cnc are too small, suggesting that
late-type binary 10Cnc, the cyclic variation may bethe mechanism of Applegate cannot interpret the cyclic
interpreted as due to the magnetic activity of one oiperiod variation of IO Cnc.
both componentsApplegate 199 With the following The statistical investigations given Hyiao & Qian
equations given byRovithis-Livaniou et al.(2000 and (2010 have shown that the most plausible mechanism
Lanza & Rodond2002, respectively: causes the cyclic changes of tt@ — C') diagrams is light

o travel time effect (LTTE) via the presence of a potential

AP = \/2[1 cos(2mP/Py)] x A third body. Therefore, the cyclic variation was analyzed fo

and (3)  LTTE. We use the following well-known equation
AP AQ
P Ma2’ f(m) = (M3 siniz)3
the required variation of the quadruple momex® can (My + My + Ms3)?
be calculated to be\@Q; = 2.0 x10%7 gcn? and AQ, 42 )

— R
= 6.2 x10*" gcn? for both components, respectively. TGP x (a2 sinis)”,
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Table 6 Fitted Parameters of Orbital Period Variations (upper) @nbliital Parameters of the Tertiary Body (lower) for
IO Cnc

Parameters

Values

Revised epoch/Dg (HID)

Revised periodPy (d)

Rate of the linear decreasé(d yr—1)
LTTE semi-amplitude A (d)

2456665.37687 + 0.00021
0.3476926 + 0.0000002
(—1.28 40.43) x 1077
0.0035 + 0.0004

Orbital period,Ps (yr) 10.29 £0.91

Initial phasey (degree) —68.13 +0.12

Projected semi-major axig) , sin iz (AU) 0.61 £ 0.07

Mass function f(m) (M) 0.002 £ 0.001

Mass,Msmin (Mg) 0.17 +0.02

Orbital semi-major axisgamax (AU) 4.88 +0.82

0.02 6 . . . .
A s .
3
e ~ F .
° .
-0.01 L L L 2 3t
—_ 0.01 é
S, X
= s 2f . .
3 g L.~ .
- 1 1 1 -1 i ’ .
T oot . ° -
3 0w 0.0lo§§¢:g3-o.o o . .. . .
© 001 . . . ! 1.0 1.2 14 16 1.8 20
-10000 -5000 [] 5000 M

total

E

Fig.5 The relation between the total mass vergugdt

F|93 The (O — C) diagram of 10 Cnc.Black dots for Samp|es with period decreasing_

represent data collected from literatugegen andred dots

represent new observations in the present paper and times.. o ;

of light minima obtained from the CRTS project data, Sﬁtlmateq a5M.3m‘“ = 0.17+0.02 Mo, and an °Tb'ta'
Semi-major axis shorter thain88 +0.82 AU was obtained.

respectively. The lower panel shows residuals from th N oY
whole fitting effect. The contribution of the third light to the total system

LoglL/L

m Star 1: primary 4

e Star 2: secondary |

0.2 0.0 -0.2 -0.4 -0.6 -0.8 -1.0 -1.2
Log M/M_

Fig.4 The H-R diagram.

would then be roughly estimated to be + 0.1% with

the relation of L ~ M?337 (Kippenhahnetal. 2032
Considering a potential third body in system, we tried to
makels as an adjustable parameter. Photometric solutions
with a third light are close to the basic solutions, and
the parameter errors are generally larger. We listed them
in Column (3) of Table5. The third light contributions
are small:2.0% 4+ 2.1% in V, 1.9% + 2.1% in R., and
4.0% £ 2.0% in I., which are close to the estimated value
within the standard errors. This indicates that the orbital
inclination of the third body in 10 Cnc should be close
to 90°. The fact that the third light contribution i.-
band is the highest indicates that the third body may be a
red dwarf. According to the parallax value 083972 +
0.06494 mas given by Gaia Gaia Collaboration et al.
20189, the distance of the binary system is thdf0.87 +
92.09 pc, therefore, the semi-major axis of the tertiary
component corresponds to a small angular distance of

to calculate orbital parameters of the tertiary body and th@”.004. It seems difficult to detect this companion
results are displayed in the bottom part of TableThe
minima mass of the tertiary componerit (= 90°) is

star under current measurement precision and detection
capability.
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Table 7 Some G-type Shallow Contact Binaries € 20%)
Star Period(d) Sp. Typg(orl/q) Mmassivei(°)  f(%) Type Eclipse dp/dt T3(yr) Refs.
(Mg) (x10~7dyr1)
DE Lyn 0.4088188 G7 0.488 0.87 82.55 9.02 W total 5.1 - H16
GV Leo 0.26673171 G7 0.1879 - 76.13 17.74 A total -4.95 - b K13
SS Ari 0.40599 GO 0.308 1.3 77.306 9.4 W partial -4.03 37.75 9 LO
IK Boo 0.3031170 G2 0.873 0986 61.3 222 W partial -3.28 9.74 K17
BX Peg 0.28042 G4.5 0.376 1.02 87.7 146 W total -2.07 57.8 alL15
AH Tau 0.332672375 G1 0.505 1.04 83.65 6.6 A total -1.823 54.6 X15a
V508 Oph 0.34479141 GO 0.52 1.01 83.78 15.4 A total -1.502 2724. X15c¢
AQ Boo 0.333139 GO 0.455 124 719 1443 W partial -1.47 - W16
VW Boo 0.34232 G5 0.428 1.084 73.81 10.8 W partial -1.45 25.96 L1lib
AU Ser 0.38498 G4 0.709 0.895 82.81819.8 A partial -1.38 D41 GO05, P09, L11a
10Cnc 0.347694 GO 0.320 1.05 81.10 16 W total -1.28 10.29 Sthidy
AO Cam 0.32991 GO 0.413 1119 76.0 12 W partial -1.26 7.63 BOG,
LO Com 0.2863621 G7 0.404 0.79 79.9913.2 W partial -1.18 - b 716
V396 Mon 0.39634498 G2 0.392 0.92 89.7 18.9 W total -0.857 442. b Llla
TU Boo 0.32428 G3 0.508 0.97 88.9 16.5 A total -0.74 54.5 LO7
U Peg 0.37478 G2 0.331 1.149(9) 77.51 15 A partial -0.72 19 P02
V524 Mon 0.28361714 G5 0.476 1.1 80.4697.7 W total —-0.56 23.9 H12
V417 Agl 0.37031480 GO 0.368 1.4 85.5 20.0 W partial —0.55 442, QO03a, LO4
RW Com 0.23734706 G9 0.34 0.92 752 17 W partial -0.43 13.7 b M87, Y03
TY Boo 0.31715 G3 0.465 1.21 76.47 7.6 W partial -0.36 58.9 Cl2
EQ Tau 0.341348 G2 0.442 1.22 86.5 11.8 A total —-0.36 22.7 L14
RW Dor 0.2857 G4/5 0.63 0.82 76.32 20 W partial —0.093 95.38 1,S19
GQ Boo 0.384639624 G2 0512 1.01(15)62.86 14 W partial Y - 717
TY UMa 0.35454813 G1 0.396 1.57(14)84.9 134 W total +5.18 .7%hd 10 P, L15c
DD Com 0.26920811 G7 0.272 - 744 87 W partial +3.4 - Z10
AR Boo 0.344874 G9 0.388 0.90 772 125 W partial +2.77 7.57 940
CW Scl 0.3855865917 GO 0.39 - 86 7 A  total +2.16 - S16b
DD Indi 0.362746 G5 0.4528 - 859 11 W total +1.21 - S16a
DF Hya 0.3305978 G3 0.424 1.02 843 12 W total +1.11 215 b N92, X09
V829 Her 0.3581 G2 0.435 1.30(3) 57.2 20 W partial +0.81 12.61 YOS5, EO6
UX Eri 0.44528226 G7 0.373 1.45 7532 29 W partial +0.77 45.3 b Q07
YY Eri 0.3210 G3 0.44 1.54 82.12 10 W total +0.639 38.6 and D8, Y18
AE Phe 0.36237459 GO 0.45 1.38 86.45 14.6 W total +0.617 - HG3B, Y05
AA UMa 0.46812501 GO 0.5525 1.61(3) 80.42 14.6 W partial 668.4 28.2 L11
V700 Cyg 0.340048 G2 0.5437 0.92 84.05 15.1 W partial +0.33 .054 Y09
AW Vir 0.35399695 G3-G7 0.697 1.11 80.6 49 W partial +0.14 - b H09a, Q03b
GSC 1537-1557 0.318275 G4 0.378 0.95 83.2078.10 W total 0 8.1 X15b
DF CVvn 0.3268956  G7 0.28 0.63 68.55 20 A partial 0 17.2 b D11
V737 Per 0.366599 G5: 0.41 1.20(4) 78.60 8.73 A  partial 0 0 H18
GW Cep 0.31883212 G3 0.3861 1.06 854 176 W total 0 32.63 QABH
HH Boo 0.318618 G2 0.587 1.068 69.084 12.86 W  partial 0 6.58 9 H1
HO Psc 0.32469898 G7 0.436 0.91 79.98 7.9 W partial - - S12
MT Cam 0.36613937 G2 0.3385 - 835 13 W total - - b F18
V0951 Per 0.2704755 G8 0.658 - 76.56 12 A partial - - b K18
HL Lyn 0.2921654  G7 0.502 - 77.6 186 A partial - - b K18
CSS J075135.6+382028 0.3525725 G7 0.82 - 89.6 15 A total - - b K18
CSS J062803.2+571604 0.3224327 G7 0.893 - 57.0 11.8 A lpartia - b K18
CSS J075350.1+264830 0.2606906 G9 0.450 - 86.42 18 W total - - b K18
EH Hya 0.2969 G7: 0.314 - 819 12 W total - - S91
TW Cet 0.3169 G5 0.575 1.06 85.7 3 W total - - Y05, A59

bThe spectral types are taken frapian et al.(2017).
References in alphabetical order: (AS8jcher (1959; (B04) Baran et al.(2004); (C12) Christopoulou et al(2012); (D11a) Deb & Singh
(2011); (D11b) Dai et al. (2011); (E06) Erdem &Ozkardes(2006); (F18) Faulkner et al.(2018); (G76) Grgnbech(1976; (G05) Grol
(2009; (HO09a) He & Qian (2009; (HO9b) He et al. (2009; (H12) He et al. (2012; (H19) He & Wang (2019; (H16) Hashimoto et al.
(2016; (H18) Hu et al.(2018); (K13) Kriwattanawong & Poojor{2013); (K17) Kriwattanawong et al(2017); (K18) Kjurkchieva et al(2018);
(LO4) Lee et al(2004); (LO7) Lee et al(2007); (LO9) Liu et al.(2009; (L09a)Lee et al(2009; (L10) Lee et al(2010; (L11) Lee et al(2011);
(L11a)Liu et al.(20113; (L11b)Liu et al.(2011h; (L14) Li et al. (2014); (L15a)Li et al. (20159; (L15c)Li et al. (20159; (M87) Milone et al.
(1987); (N92) Niarchos et al(1992); (P02)Pribulla & Vanko(2002); (P09)Pribulla et al.(2009; (Q03a)Qian (20033; (Q03b)Qian (2003h;
(Q07) Qian et al.(2007); (S91) Samec et al(1991); (S12) Samec et al(2012); (S16a)Samec et al(20163; (S16b) Samec et al(20168;
(S19) Sarotsakulchai et al2019; (W16) Wang et al.(2016); (X09) Xiang et al. (2009; (X15a) Xiang et al. (20153; (X15b) Xiang et al.
(20158; (X15c) Xiang et al.(20159; (Y03) Yang & Liu (2003); (YO5) Yakut & Eggleton(2009; (Y09) Yang & Dai (2009; (Y10) Yang et al.
(2010; (Y18) Yu et al.(2018; (Z10) Zhu et al.(2010; (Z16) Zhang et al(2016); (Z17) Zhang et al(2017).
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A sample of 50 G-type shallow contact binarigs{  AcknowledgementsThis work is supported by the
20% (Qianetal. 2013)) were tabulated in Tabl& in  National Natural Science Foundation of China (Grant
descending order by period decrease/increasedat@f), Nos. 11873017 and 11933008), the Science and
where parameters include orbital period, spectral typeTechnology Talents and Platform Plan of Yunnan
mass ratio (for W-type systems, the mass ratio valueprovince (2018HB070) and the Yunnan Natural Science
are listed adl /q), mass of the more massive componentFoundation (No. 2018FB006). New CCD observations
orbital inclination, fill-out factor, subtype of W UMa-type were obtained with the 1 m and 60 cm telescopes
eclipsing binary system, type of eclipse, long-term periocat Yunnan Observatories. We also acknowledge the
change rate and oscillation period @ — C) (where a support of the staff of the Xinglong 85 cm telescope.
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orbital period analysis in future. of Sciences.
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