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Abstract We present the results of our study of the eclipsing binastesys CSS J112237.1+395219,
LINEAR 1286561 and LINEAR 2602707 based on new CBDV, R. andI. complete light curves. The
ultra-short period nature of these stars, as reported bigeDetial., is confirmed and the system’s periods
are revised. The light curves were modeled using the 2008oreof the Wilson-Devinney code. When
necessary, cool spots on the surface of the primary compareza introduced to account for asymmetries
in the light curves. As a result, we found that CSS J112230%219 is a W UMa type contact binary
system belonging to W subclass with a mass ratig ef 1.61 and a shallow degree of contact of 14.8%
where the primary component is hotter than the secondarppie0 K. LINEAR 1286561 and LINEAR
2602707 are detached binary systems with mass raties 3.467 andq¢ = 0.987 respectively. These
detached systems are low-mass M-type eclipsing binaritssivhilar temperatures. The marginal contact,
fill-out factor and temperature difference between comptsef CSS J112237.1+395219 suggest that this
system may be at a key evolutionary state predicted by tHeataxation oscillation (TRO) theory. From
the estimated absolute parameters, we conclude that densyshare common properties with other ultra-
short period binaries.

Key words. techniques: photometric — stars: variables: Contact Binaf stars: individual: CSS
J112237.1+395219, LINEAR 1286561 and LINEAR 2602707

1 INTRODUCTION USPB systems with periods below 0.2d by Drake et al.
(2014). The spectral types of these systems were obtained
The term ultra-short period binaries (USPBs) refers to bihy matching all the USPBs in their list with objects having
naries with orbital periods shorter than0.22 d (Rucinski  spectra within SDSS Data Release 10 (Ahn et al. 2014).
1992; 2007). Although several theories to explain the obTable 1 provides the coordinates, periods and spectral type
served short-period cut-off have been proposed (Stepiediof our target stars.
2011; Jiang et al. 2012), the explanation of this abrupt
short period limit is still an open question. Since Rucifssk . . .
works, several hundred USPBs have been discovered, wi for explaining the period cut-off phenomgnop (L|u.et al.
the first one being BW3V38 — a detached system (Udalsk|.014a)' At present, however, only a few pmqnes W'Fh pe-—
et al. 1995) while the list continues to grow (e.qg., NortonrIOdS shorter than 0'25.d have begn studied in deta|I: This
et al. 2011; PrSa 2011; Lohr et al. 2013; Drake et al. 2014'?”"’“«3,S our study of this:0.2d period K-type system in-
Soszyhski et al. 2015 and Li et al. 2017). The short—perio&eresung' The other two systems are of M spectral type.

contact systems, especially those on the short-period eng,mtCe ::hhort perg?f.M (ljtvrar;bltnatrle[s) are reIattlvetIy :‘a|2nct)f::> .
are of great interest for the study of the structure an ects, they are difficult to detect (Davenport et al. )-

evolution of eclipsing binaries. These systems are expecj[l:herefore, any new detection of such a system constitutes

ed to be composed of two K or later-type componentsa,valuable cqntribution to the understanding of eclipsing
according to the period-color relation for contact bina—bmary formation.

ries (Zhu et al. 2015). CSS J112237.1+395219 (hereafter In this paper, multicolor light curves are analyzed
J112237), LINEAR 1286561 (hereafter L1286561) andsimultaneously using the 2003 version of the Wilson-
LINEAR 2602707 (hereafter L2602707) were reported aDevinney (W-D) Code, which was revised in October 2005

J112237, being of K-type, is an important objec-
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Table 1 List of Targets L1286561, HID(Minl) = 2453711.9610(2) @)
Object RA(2000) DEC (2000) P(d)  Spec. Type + 0d.1687441(1)E,
J112237  11:22:37.06 +39:52:19.9 0.184749 K2V .
L1286561 11:22:43.44 +37:21:30.2 0.168744 M4.5V 12602707, HJD(Minl) =2457462.7621(3) 3)
12602707 11:55:33.44 +35:44:39.3 0.199725 M2V +0d.1797256(2)E.

(Wilson & Devinney 1971; Wilson 1990; Wilson 1994; 3 MODELING THE LIGHT CURVES

Wilson & van Hamme 2004). Asymmetries in the light .
curves of short-period binaries have been commonly reAnalyses of the observed light curves of the systems were

ported and are attributed to spot activity on the stellarphot@'Tied out employing the 2003 version (October 2005

tospheres which can be modeled very well by hot or coof€Vision) of the W-D code. To determine the mean sur-
spots on the components of the systems. face temperature of star 1, we considered the spectral

classes provided by Drake et al. (2014) and, according to
the MK spectral types reported in Allen’s Astrophysical
Quantities (Cox 2000), we assigned the primary stars ef-
fective temperatures @f.¢ = 4830 K, 3120 K and3520 K
Observations were carried out at the San Pedro Martffor J112237, L1286561 and L2602707 respectively and
Observatory either at the 2-m telescope fitted with a filterused them as primary temperatures in the light curve anal-
wheel and théviarconi 4 CCD detector (a deep depletion yses.

e2v CCD42-40 chip with gain of 2.30°¢ADU and read- In each case, the-search method was performed to
out noise of 5.20 ®) giving a field of view of6’ x 6 find the best initial value of. We assumed gravity darken-
and at the 0.84-m telescope with another filter-wheel anéhg and bolometric albedo exponents appropriate for the
a Spectral Instruments CCD detector (a deep depletion convective envelopefl.s < 7500 K). Limb-darkening
e2v CCD42-40 chip with gain of 1.39°¢ADU and read- coefficients of the components were interpolated from the
out noise of 3.54 ®) yielding a7.6’ x 7.6 field of view. ~ square root law of the Claret & Bloemen (2011) tables.
Binning with size 2«2 was applied during all the observa- ~ The shape of the light curve of J112237 resembles that
tions. Alternating exposures of the targets were taken witlof typical W UMa-type binary stars. Therefore, for this star
different Johnson-Cousins filters. The details of the obsewe started the W-D analysis directly in Mode 3 — overcon-

vations are provided in Table 2. Flat field and bias framegact configuration. For the other two systems, the calcula-
were also obtained during all the observing runs. tions were started in Mode 2 — detached configuration. The

All images were processed by applying IRAFou-  different computation modes offered by the W-D code can
tines. Images were bias subtracted and flat field correcke found in Wilson & van Hamme (2004).
ed before the instrumental magnitudes of the variables The observed light curves of J112237 and L1286561
and some field stars marked in Figure 1 were computedére asymmetric and show unequal quadrature heights, with
with the standard aperture photometry method. In ordemaximum| being brighter than maximumll. A spotted
to choose good comparison stars (with similar colors aghodel was introduced to account for asymmetry in the
the variables), the fields were calibrated inthBV (RI). ~ observed light curves, known as the O’Connell effec-
system (during very photometric nights) using standard st (O’Connell 1951), which is present in several eclipsing
tars from the Landolt catalog. The obtained magnitudes opinary light curves and can be explained by spot activity in
the comparison stars are given in Table 3. All or any parthe component stars (Zhai et al. 1988) that have the same
of the data is available upon request. nature as solar magnetic spots (Mullan 1975).

The new times of minima for the three systems, pre- A sufficient number of runs of the DC program was
sented in Table 4, are all heliocentric and determined wittexecuted, until the corrections to the parameters became

2 CCD PHOTOMETRIC OBSERVATIONS AND
DATA REDUCTION

the polynomial fit method. smaller than their probable errors. The corresponding rela
These new data allowed us to refine the ephemeris dfon is plotted in Figure 2.
the systems as follows: Starting with the preliminary solutions for the values
of ¢ found, we performed a more detailed analysis wjith
J112237, HJD(Minl) = 2458213.7712(5) 1) beingtreated as an additional free parameter. Paraméters o
+ 0d.1823999(4)E, @) the accepted solutions are listed in Table 5, while Figure 3

displays the best fits for the model parameter from W-D
1 IRAF is distributed by the National Optical Astronomical code and the observed ||ght curves of the systems. In our fi-

Observatory (NOAO), operated by the Association of Unities for . I .
Research %(Astronz)myp Inc. un{jer cooperative agreemaitt tve Nl SOlUtioNs, we also found that the contribution of a third

National Science Foundation. light is negligible.



F. Acerbi et al: Light Curve Solutions of Three Ultra-short Eclipsing Biies 62-3

Fig.1 Observed fields. J112237 is on the left, L1286561 in the reiddid L2602707 to the right. The variable stars are marked wit
number 1.

Table2 Log of Photometric Observations

Target UT Date Telescope Obs. Filters Exp. Times Number of arM&Erors
Hours (s) Integrations (mag)
J112237 2018 Apr 8 2m 49 B,V,R.,I. 40,20,15,15 105,104,106,105 0.010,0.009, 0.008,0.011
11286561 2018 Apr 6 2m 4.3 V,Re, I 30, 15, 10 130, 132, 131 0.012, 0.010, 0.009
L2602707 2016 Mar 15 0.84m 102 V,Re, 1. 120, 60, 30 122,121, 110 0.009, 0.009, 0.007
2018 Jan 16 0.84m 20 V,Rc, 1. 120, 60, 30 25,24, 24 0.008, 0.007, 0.005
2018 Apr 7 2m 0.7 V,Re, I 30, 20, 15 20,19, 18 0.008, 0.007, 0.008

Table3 UBV R.I. Magnitudes of the Reference Stars

Field Name RA (deg) DEC (deg) U B |4 R. 1.

J112237 2MASSJ11224702+3951334 170.696042 +39.85929631H50.010 15.714-0.016 15.403-0.022 14.7540.002 14.306:0.030
L1286561 2MASSJ11223284+3720037 170.636954 +37.33432873+-0.023 18.32#0.007 16.718-:0.003 15.658-0.002 14.408-0.003
12602707 2MASSJ11553585+3546032 178.899350 +35.7676065H0.023 16.773:0.010 15.713-0.007 15.103-0.006 14.542-0.005

It should be noted that the errors of the parameters givperiod binaries
en in this paper are the formal errors from the W-D code
and are known to be unrealistically small (Maceroni & M = 0.0134/P?x (=1.154+14.633x P—10.319x P?)?,
Rucihski 1997). For a discussion, see Barani et al. (2017). (5)
where) is the total mass of the binary.

The mean fractional radii of the components were ob-

4 ESTIMATE OF THE ABSOLUTE ELEMENTS . .
tained with the formula

Due to the lack of radial velocity (RV) solutions, we em-
ployed empirical relations to determine the absolute pa-
rameters of the binary systems. Dimitrov & Kjurkchieva
(2015) reported a period - semi-major axis-{ a) relation

on the basis of 14 binary stars haviRg< 0.27 d that had
both RV and photometric solutions, which is approximated
by a parabola

T1,2mean — ('rpole + Tside + Tback)1/3- (6)

Using the semi-major axis, we can calculate the radii
of the binary components as

Ry 2 = ari,2mean- (7)

Considering a solar temperature®f = 5780 K, ab-
a=—1154+14.633x P —10.319x P>, (4)  solute parameters of bolometric magnitudes and luminosi-
ties can be calculated applying the equations
whereP is in days and: is in solar radii.
Following the above relation, we determined a semi- Mboly 2 =4.77 — 5log(R1 2/ Ro)
major axisa(R ) for our three systems. —101log(T1,2/T5),
The (P, a) relation defined by Equation (4) corre-
sponds to the following “period-mass” relation for short- Lo = (R1,2/R®)2x (T1,2/T@)4. (9)

(8)
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Table4 CCD Times of Minima for the Three Systems

Filters HJD Epoch(l) O-C(1) Epoch(2) 0O-C(2) Error Source
J112237 BV RI  2458213.6800 -0.5 —0.0027 -0.5 0.0000  0.0009 This paper

BV RI  2458213.7712 0.0 —0.0039 0.0 0.0000 0.0013  This paper
11286561 2453711.9610 0.0 0.0000 0.0 0.0000 VSX

VRI 2458214.6438  26683.5 0.0009 26683.5 -0.0001 0.0009 Tharpa
VRI 2458214.7284  26684.0 0.0011 26684.0 0.0001  0.0008 Therpap

L2602707 VRI 2457462.6623 -0.5 0.0001 -0.5 0.0001  0.0010 This paper
VRI 2457462.7621 0.0 0.0000 0.0 0.0000 0.0008  This paper
VRI 2457462.8618 0.5 —0.0002 0.5 —0.0002 0.0007  This paper
VRI 2457462.9617 1.0 —0.0001 1.0 —0.0001 0.0006 This paper

VRI 2458135.0393 3366.0 0.0063 3366.0 0.0010  0.0006  This paper
VRI 2458215.7266 3770.0 0.0050 3770.0 —0.0009 0.0007  Thig pape

Table5 Light curve solutions for J112237 and the two LINEAR systeAssumed parameters are marked with *.

Parameter J112237 11286561 L2602707
i 67.425+0.329 72.996-0.421 79.926:0.114
T1(K) 4830* 3120* 3520*
T>(K) 4321415 2989+20 34656
951 4.612+0.056 7.7910.041 4.092-0.038
Qo 4.612+0.056 7.794-0.050 4.087%-0.040
q =ma/m1 1.616+0.035 3.468-0.065 0.988 0.021
Al = As 0.5* 0.5* 0.5*
g1 = g2 0.32* 0.32* 0.32*
Lip 0.533+-0.004
Ly 0.510£0.004 0.266-0.005 0.513-0.009
LiRe 0.476+0.005 0.253-0.007 0.509-0.008
Lige 0.455t+0.004 0.24%-0.007 0.508-0.008
Lop 0.3714-0.003
Loy 0.396+0.002 0.691-0.004 0.45%-0.008
LoRre 0.442+-0.004 0.699-0.005 0.455-0.008
Loge 0.470+0.003 0.728-0.003 0.462-0.008
I 0.148+0.007 —0.06-0.003 —0.083-0.005
XiB 0.987*
Xy 0.681* 0.359* 1.083*
XiRe 0.389* 0.205* 0.801*
Xi1e 0.232* -0.017* 0.444*
XoB
Xoy 0.660* -0.269*
XoRe 0.785* —0.003*
Xoge 1.002* 0.403*
I3 0 0 0
r1 (pole) 0.322:0.002 0.2280.002 0.31% 0.004
r1 (side) 0.338:0.003 0.234-0.002 0.328 0.005
r1 (back) 0.374:0.004 0.255-0.003 0.345- 0.006
ro (pole) 0.403:0.007 0.428-0.002 0.315 0.004
ro (side) 0.4280.009 0.452-0.003 0.326- 0.004
ro (back) 0.46@-0.014 0.4620.003 0.343 0.007
Lat. spot 60.342.1 85.041.9 95.2#2.2
Long. spot 121.333.4 20.562.1 32H-2.6
Radius 25.30.86 30.330.73 21.130.90
Temp. fact. 0.92%0.021 0.946-0.036 0.85%0.045
Component 1 1 1
Sum(resy 0.0301 0.00138 0.00010

The mean densities of the binary components weraent is directly calculated from the estimated mass ratio of
derived from the following equation given by Mochnacki the system.
(1981) All the above resulting values are listed in Table 6.
pL = O.OlSQ/rimCMP?(l +4q), (10) Following the equation on page 131 of Popper &
po = 0.0189¢/r3  P2(1 4 q). (11) Ulrich (1977), we calculated the orbital angular momen-

) ] tum of the targets
The mass of the primary componelt; is computed
via Equation (5), while the mass of the secondary compo- Jrel = My My(P/My + My)'/3, (12)
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Fig.3 CCD light curves of J112237 and the two LINEAR systePwintsare the original observations alidesare the theoretical fits
with the spot contribution (the spot contribution is inabadwhere necessary, elsewhere not).

Fig.4 Geometric representation of CSS J112237 at the primarynmaimi (eft) and the configuration of the components of the system
in the orbital plane at phase 0.2%ght), according to our solution.

whereP is in days andV/; are in solar units. 5 DISCUSSION ON THE SYSTEMS

The obtained valuesog J:.1 (Table 6) of our two  Here we have presented the analysis of filtered CCD light
LINEAR systems are considerably smaller than those ofyrves of three USPBs. One of these, J112237, is a con-
detached systems, which havg J..; > +0.08. tact system of spectral type K while the other two are

. . rare detached systems in which the components are non-
The orbital angular momentum of J112237 is smaller y P

. degenerate M dwarfs.
even than that of contact systems, which hbe/,. > g

—0.5.
5.1 J112237

The small orbital angular momentum of J112237 im-
plies the existence of a past episode of angular-momentuithe values of mass ratio found for J112237 indicate that
loss during binary evolution. It also means that J112237 ishe system is a typical W-subtype contact binary in the
not a pre-main sequence object. Binnendijk classification (Binnendijk 1965; Binnendijk
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Fig.5 Same as Fig. 4 but for L128656tbf) and L2602707 lfottomn).

Table 6 Estimated Absolute Elements

1.0 T T T T %
System J112237 11286561 L2602707 [ ]
a 1.17 1.02 1.36 sl 1
Mot 0.648 0.501 0.839 B!
M 0.400£0.010  0.112-0.001  0.422-0.004
Mo 0.248:0.030 0.382-0.013  0.41%0.013 ~ o6k ]
Ri 0.502:0.004  0.244-0.003  0.448-0.084 e | .
Ry 0.404-0.007  0.45%0.009  0.4453-0.09 I~ - %
Ly 0.123:0.001  0.005:0.010  0.028-0.010 ol e " ]
Ly 0.0510.003 0.013:0.001  0.026:0.01 l A oo
Mboly 7.03 10.49 8.65 - 27 SO 1
Mboly 7.98 9.31 8.73 ook ° Wi h
log p1 0.651 1.037 0.821 i e |
log p2 0.724 0.735 0.823 et : : :
logg1 4.64 4.71 4.76 0.2 0.4 v )0.6 0.8 1.0
log g2 4.62 4.7 4.76 ©
log J el -1.28 -1.6 -1.07
Fig.7 Positions of the components of J11228Wgd cyan sym-
bols), L2602707 filled red symbolsand L1286561 f{lled blue
symbol$ on the mass-radius diagram compared with ten USPBs
from Kjurkchieva et al. (2018) depicted withpen circlesfor
the primary components anmgpen trianglesfor the secondary
7 > components. Also plotted are theoretical isochrones éeffiom
0.7 - g0 ® Dartmouth models (Dotter et al. 2008) for solar metallicitjth
2237 pri o ages 0.25, 1.0, 5.0 and 10 Gyr.
0,6 4 L]
o o
g 05 < o, 111280561 sec 1970). The system has a shallow contact configuration (fill-
g ] 3=t % Lo out 14.8%).
\ A Contact binaries below the period limit of 0.224d, i.e.,
37 J112237 Sec ultra-short period contact binaries (USPCBS), are exjgecte
N B L1286861 pri to be composed of two K-type or later-type components,
R I S I according to the period-color relation for contact binarie
Mass (Zhang et al. 2014). According to the accepted orbital so-

lution, the spectral type of the secondary component of
Fig.6 The mass-radius diagram of our three systems with te112237 is estimated to be K5 following Cox (2000).
other USPBs taken from Kjurkchieva et al. (2018). Boéd line It is known that a large amount of K-type short-period
represents the linear fit to the data. contact binaries may be W-type systems (Liu et al. 2014b)
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Table 7 List of Well Studied Detached M Dwarf Systems

Name NSVS 4876238 BXTri BW3V38 OGLEBLG ELC-000066 CSS JDBL5+350658 L1286561 2602707

Period 0.22184 0.19264 0.19839 0.0984 0.17855 0.1824 03199
Sp. Type K9 dm M3 M4 M1 M4.5V M2V
T1 3860 3735 3500 3700 3120 3520
T> 3826 3106 3448 3600 2989 3465
q 0.379 0.519 0.95 0.95 0.895 3.47 0.98791
i 68 725 85.51 86 67.9 72.9 79.9
1 0.453 0.431 0.372 0.239 0.33
o 0.264 0.228 0.323 0.449 0.328
a 1.58 1.28 1.355 1.02 1.36
M,y 0.78 0.51 0.44 0.22 0.112 0.422
Mo 0.3 0.26 0.41 0.21 0.389 0.417
Ry 0.72 0.55 0.51 0.26 0.244 0.448
Ro 0.42 0.29 0.44 0.23 0.459 0.445
Ly 0.102 0.053 0.035 0.005 0.028
Lo 0.034 0.007 0.025 0.015 0.026
Reference [1] [2] [3] [4] [5] [6] [6]

Notes: [1] Kjurkchieva et al. (2018); [2] Dimitrov & Kjurkdhva (2010); [3] Maceroni & Montalban (2004) and Dimitrov Kjurkchieva
(2010); [4] Soszynhski et al. (2015); [5] Kjurkchieva et ¢016); [6] This paper.

and that the majority of W-type contact binaries show chartween the absolute parameters of this system with those
acteristics of being in shallow contact (Zhu et al. 2010). of L2602707 is really surprising. Dimitrov & Kjurkchieva

In recent years, the list of known USPCBs, as well ag2010) reported the shortest period M dwarf binary yet
their study, has been substantially extended, signifyiagt characterized, GSC 2314-0530 (BX Tri), witha 0.192636d
most USPCBs have shallower fill-out factors € 20%)  period (Soszyhski et al. 2015), found among 242 USPBs,
and indicating that USPCBs have just evolved to a contactnd OGLE-BLG-ECL-000066 with an orbital period be-
phase. low 0.1d in which the two components are M dwarfs in a

According to thermal relaxation oscillation (TRO) the- nearly contact configuration.
ory (Lucy 1976; Lucy & Wilson 1979; Flannery 1976; Subsequently, Kjurkchieva et al. (2016) published ob-
Robertson & Eggleton 1977; Yakut & Eggleton 2005 andservations of CSS J171508.5+350658, a semidetached sys-
Li et al. 2008), a cycle of contact-semidetached-contact sem in which both the components consist of M dwarfs
tates will be formed, via mass transfer between the compowith a period of 0.178. Kjurkchieva et al. (2018) found
nents. NSVS 4876238, a detached type of USPB in which both

The relatively small temperature difference betweertomponents are late dwarfs (K9 spectral type) and the tem-
components of J112237\(" = T}, — 7. = 510 K) is  perature difference between the components does not ex-

accepted for overcontact systems. ceed 40(.
The different light levels at quadrature were repro-  For both our systems, the difference between the tem-
duced by a cool spot on the primary component. peratures of the components is quite small and, while
A graphical representation and the Roche geometry 02602707 shows symmetric light curves, to represent the
J112237 is depicted in Figure 4. asymmetries of light curves for L1286561, it was neces-
sary add a couple of cool spots on the massive component.
5.2 11286561 and L 2602707 Light asymmetry has been reported commonly for

light curves of short-period binaries and may be due to the
The LINEAR systems are two rare M dwarf detachedspot activity on stellar photospheres. They can be repro-
USPB systems with non-degenerate components. Amonguced by surface temperature inhomogeneities (spots). It i
them, only five other systems are quite well studied to dateeasonable to assume the existence of cool spots by analo-
(see Table 7). gy with our Sun. An interesting characteristic of L2602707

As discussed in Becker et al. (2011), the sample ofs that it is a twin binary system in which the mass ratio is
known binary systems composed of two M dwarfs is verynear 1 ¢ = 0.9879). This kind of binary was first noted by
small. Lucy & Ricco (1979).

For many years the known M dwarf binary system in Statistical studies on the mass ratio distribution of bi-
the literature with the shortest known period was BW3 V38naries (e.g., Lucy 2006; Simon & Obbie 2009) demonstrat-
(Maceroni & Rucihski 1997; Maceroni & Montalban ed that the frequency of existing twins within the mass ratio
2004), which is composed of two main sequence M3 d90.98-1.00 is about 3% among all binaries, at which F, G
warfs with an orbital period of 0.1984 d. The similarity be- and K spectral type systems dominate.
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Among the systems in Table 7, L2602707 is not the 421, 2769

only twin binary. Kjurkchieva, D. P., Popov, V., Vasileva, D. L., & Petrov, N015,
A graphical representation and the Roche geometry of Serbian Astronomical Journal, 192, 21
11286561 and L2602707 are depicted in Figure 5. Kjurkchieva, D. P., Dimitrov, P. D., Ibryamov, S. 1., & Vasila,

The components of all our three systems are plotted D. L. 2018, PASA, 35, 8
in the mass-radius diagram (Fig. 6) with ten other USPBLI, L., Zhang, F., Han, Z., Jiang, D., & Jiang, T. 2008, MNRAS,
systems whose data are adopted from Kjurkchieva et al. 387, 97
(2018). Li, M. C. A., Rattenbury, N. J., Bond, I. A., etal. 2017, MNRAS
Additionally, the positions of the components of the 470, 539
three systems are compared in the mass-radius diagrakiu, N.-P., Qian, S.-B., Soonthornthumet, B., et al. 20144,
in Figure 7 with the USPBs listed by Kjurkchieva et al. 147,41
(2018), together with theoretical isochrones derived fromLiu, N.-P., Qian, S.-B., Liao, W.-P., et al. 2014b, RAA (Resth
Dartmouth models (Dotter et al. 2008) for solar metallicity in Astronomy and Astrophysics), 14, 1157

and ages 0.25, 1.0, 5.0 and 10.0 Gyr. Lohr, M. E., Norton, A. J., Kolb, U. C., et al. 2013 A&A, 549,
Our systems follow the general pattern of USPB sys- A86
tems. Lucy, L. B. 1976, ApJ, 205, 208

Lucy, L. B., & Wilson, R. E. 1979, ApJ, 231, 502

. . Lucy, L. B., & Ricco, E. 1979, AJ, 84, 401
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