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Abstract The new complet&V R, 1. light curves and spectra of the short-period eclipsingtyixaZ CMi

are presented. The results from the combined analysis bagbd photometric and spectroscopic data show
that XZ CMi is a near contact binary with the secondary congmofilling its critical Roche lobe while the
primary filling 91% of its Roche lobe. The investigation oéth—C diagram reveals that its orbital period is
continuously increasing, which is consistent with thevkticonfiguration and caused by the mass transfer
from the less massive star to the more massive one. In add#@imobvious periodic modulation with the
amplitude 0f0.018#0.0016) d and a high eccentric of 0.86().04) is detected, which could be the results
of the light time effect as a third star with the mass no leas h42{0.09) M, orbiting around the central
eclipsing binary once every 95#2.1) yr. Furthermore, we found a visual companion sta2.at east by
south of this system at a much greater distance by directenidge large third light contribution found from
the light curve analysis could be well explained by the exise of the third star and the fourth visual one.
The similar parallax and proper motion imply that the comgrus of this hierarchical quadruple system
might be bounded by gravitation. Spectroscopic obsematior two visual components were carried out
by the LAMOST and 2.16 m telescopes, respectively. Thefedint values of [Fe/H] suggest that they
were not born from the same origin. Thus, XZ CMi system is derigsting and important target to study
the formation of the multiple stars.

Key words: binaries: close — binaries: eclipsing — stars: individo&t (CMi)

1 INTRODUCTION phase. Stars could also be captured by another from the
relatively dense interstellar field. Wide binaries progde
Near contact binaries are a subclass of close binary thakeat probe to investigate the evolution and dynamics of
contains two close-in companion stars. Both of the compog|gse hinary/multiple systems and even of star clusters. In
nents have almost filled their inner critical Roche lobes ticular for the binary + single systems, the farther star
The primary star of an Algol-type near contact binarymignt play a relatively significant role in driving central
should commonly have a high filling degree. They alsobinary mergeldamers & Samsing 20)9
usually present the EA or EB type light curves. This typical
kind of close binary lays in a key evolutionary status. Eclipsing binary XZ CMi (x2000 = 07:54:07.07¢2000
Visual wide binaries are in a weakly gravitation- =+03:39:20.34) was first declared as an Algol-type system
al bound allianceJiménez-Esteban et 4R019 recently by Hoffmeister(1934. Soon afterwards in 193&ause
published thesaia DR2 catalogue for comoving wide bi- (193§ published the first light curve showing that it be-
nary population, where they consider400 to 500000 au longs to an EA type. Since then a growing number of re-
as the candidates. In the sight ldbtte et al.(1998, the  searchers have been firmly committed to the photometric
size of a primordial wide binary is restricted for the modestobservation of this target. Many of them have reported
core of a star forming region, typically less than 10 000 authe times of light minimum, such aBueball & Lehmann
Kouwenhoven et al(2010 brought the idea that wide bi- (1965, Gimenez & Costa(1979, Terrell etal. (1999,
naries might be formed during the star cluster dissolutiorzejda et al(2006, Samolyk(2009, HubscheK2015, etc.
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Secular and cyclic orbital period changes were analyzed b§CD photometric detector and with the field of view of

Qian (2009, Samec et al(200§, andKim et al. (2009.  aboutl1.5 x 11.2" is placed at the Xinglong Observatory,

Investigations of photometric solutions for XZ CMi based NAOC, CAS Huang et al. 2012 During the observations

on observational light curves continued for decades, alin the four clear nights, the corresponding exposure time

though they have not come to an agreement. For examplef the standard Johnson-Cousids, V, Rc and I fil-

the effective surface temperature of the primary companioters were set as 25s, 20s, 15s and 10s, respectively. Data

differs from 7000 K to 8876 K, and the derived mass ratioprocess were also carried out by using the IRAF soft-

ranges from 0.293 to 0.88Aardirossian & Giuricin 1981 ware and the method of differential photometry. The pe-

Rafert 1990 Terrell et al. 1994 Terrell & Henden 2002 riod 0.578809 d was used to calculate the phase, and the

Samec et al. 200@&ndKim et al. 2009. By surveying the  photometric four color light curves of XZ CMi are shown

database of th&aia satellite, it is found that the effective in Figurel.

temperature of XZ CMi is 7079 K and the mean apparent

magnitude in the&Gaia-g band is 10.15 mag with the dis- 2.2 Spectroscopic Observations

tance of about 314{4) pc away Gaia Collaboration et al.

2018. As is stated in the paper oferrell & Henden The Large Sky Area Multi-Object Fiber Spectroscopic

(2002, Henden took an image of a dim object at an an-Telescope (LAMOST) is a special quasi-meridian re-

gular distance of 2.452 (error within 0.1) arcsec east byjlecting Schmidt telescope located at the Xinglong

south of XZ CMi with anl, filter. It seems to be a visual Observatory. LAMOST has 4000 fibers for the targets in-

companion star (here after the ViS) . put simultaneously, promising a very high spectrum ac-
This study sets out to investigate the light curve mod-duiring rate Cui 2009 Zhao et al. 201 Many close bi--

elling, timing variation and visual companion of this sys- Nares and variable stqrs were obser\{ed and investigat-

tem. Photometric and spectroscopic observations are di§d Py LAMOST (e.g.Qian etal. 2017Qian et al. 2018

cussed in Sectiof. The orbital period change is analysed Qian etal. 2019aQian etal. 2019bZhang etal. 2019

in Section3 with all the times of eclipse minima. An up- On the day Nov 9 2014, one of the input targets was o-

dated photometric solution by using the input parametertiginally intended to be XZ CMi (v2000 = 118.529448°,

s obtained with the spectroscopic method is performed ifj2000 = +03.655646°), whereas, coincidentally pointed to

Section4. In the last section, we discuss on the orbital pe—the VIS (azo00 = 118-5300840*.52000 = +Q3-655476°)-

riod evolution, the visual system and the photometric solu!t meéans that the spectroscopic observation by LAMOST

tions. is actually belongs to the ViS rather than XZ CMi.
To investigate the spectroscopic property of the bi-
2 OBSERVATIONS nary pair XZ CMi, we conducted observations with the
2.16 m telescope at Xinglong station at two clear nights,
2.1 Photometric Observations 2019 May 1 and 2019 May 2. During these observations

_ _ _ a G7+S1-8+385L P grating was used. The spectroscopic
Our first phot.ometrlc survey for XZ CMI. can be dated backdjagram shown in Figur8 and the spectroscopic parame-
to 2008. While the fO”OW-Up observation lasted to 2019.[ers tabulated in Tabl2 are obtained by using the ULySS

In tOtal, 18 new times of |Ight minimum were obtained and(University of Lyon Spectroscopic ana|ysis Software)_
listed in Tablel. They were observed on 2008 Feb 1, 2018 e took an image of XZ CMi in th& R.I, bands at a

Mar 29, 2018 Apr 9, 2019 Jan 25 and 2019 Feb 4 with thegood-seeing’ night with the 2.16 m telescope at Xinglong
1 m and 60 cm Cassegrain reflecting telescopes located gation on 2019 May 1. As shown in Figuethere is a
Yunnan Observatories CAS. During the observations th@earby dim ‘Visual Star’ at the east by south of XZ CMi

exposure time for these observations with 60 cm telescop@at gradually brightened along with the wavebands.
are 80s, 40s, 30s and 20s BV RcI- bands, with 1 m

telescope are 30s, 20s and 10%iR- - bands, and with 3 THE O — C ANALYSIS

80 cm telescope are 25s, 20s, 15s and 10BhR¢ I

bands. Data processes were carried out by using the IRA® — C curve of XZ CMi was analysed b@ian (2002,

(Image Reduction and Analysis Facility) software and theSamec et a2006, Kim et al.(2009, although it does not

method of differential photometry. trace the trend by adding the newly observed data @jig.
The BV Rc1c four color light curves of XZ CMi  To get a better description of the — C' curve, we re-

within a total phase were observed by using the Tsinghuaanalysed it. Together with our new observations and those

NAOC 80 cm telescope on 2018 Nov 9, 2018 Nov 11.from literature, a total of 90 DASCH (Digital Access to a

2018 Nov 12 and 2019 Jan 25. This classic Cassegraifiky Century at Harvard) data, 78 visual and photographic

reflecting telescope equipped with the VersArray 1300Blata, and 120 photoelectric and CCD data were compiled
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Table1 New Light Minima for XZ CMi

HJD Error Filter ~ Telescope Obs-date
2454498.10175 0.00013 V 1 m (YNOs) 2008-02-01
2454498.10153 0.00014 Rc 1 m (YNOs) 2008-02-01
2454498.10130 0.00010 I¢ 1 m (YNOs) 2008-02-01
2458207.12485 0.00021 B 60 cm (YNOs) 2018-03-29
2458207.12487 0.00021 V 60 cm (YNOSs) 2018-03-29
2458207.12480 0.00015 Rc  60cm (YNOs) 2018-03-29
2458207.12454  0.00015 I¢ 60 cm (YNOs) 2018-03-29
2458218.12361 0.00023 B 60 cm (YNOSs) 2018-04-09
2458218.12345 0.00036 V 60 cm (YNOSs) 2018-04-09
2458218.12336  0.00034 R~ 60 cm (YNOs) 2018-04-09
2458218.12343  0.00023 I¢ 60 cm (YNOSs) 2018-04-09
2458519.10457 0.00016 V 60 cm (YNOSs) 2019-02-04
2458519.10430 0.00019 Rc  60cm (YNOs) 2019-02-04
2458519.10447 0.00025 I¢o 60 cm (YNOs) 2019-02-04
2458509.26425 0.00012 B 80 cm (Tsinghua-NAOC)  2019-01-25
2458509.26407  0.00007 V 80 cm (Tsinghua-NAOC)  2019-01-25
2458509.26406  0.00024 Rc 80 cm (Tsinghua-NAOC)  2019-01-25
2458509.26346  0.00014 I¢ 80 cm (Tsinghua-NAOC)  2019-01-25

Table 2 Spectral Parameters of XZ CMi and the ViS
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Target T (K) log g (ms—2) [Fe/H] (dex) Telescope Date
XZCMi  6920(£73)  4.11(:0.20)  -0.141¢:0.005)  2.16m  2019-05-01
XZCMi  7016(x99) 4.13(-0.23) —0.1250.017)  2.16m  2019-05-02
the VIS  6164-18)  4.61(:0.03)  0.108(-0.016) LAMOST  2014-11-09
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Fig.1 CCD Photometric LCs oBV R.I. bands observed with the 80 cm telescope.

for fitting with the weight of 0.1:1:6. By using the linear cillating amplitude isK" = a1 sini*y/(1 — €3 cos? w)/c,
c is the speed of light in vacuuna,» is the semi-major
axis of the orbit that the eclipsing binary is orbiting, is
the eccentricity of the third-body; is the inclinationw
By considering the combination of a quadratic termis the longitude of the periastron, atg, is the eccentric
overlying an extra termr{), and nonlinear least square and anomaly.

ephemeridlin.I = HJD 2445404.4387 4+ 0.9578809 x F,
the epochesH) and the corresponding — C were calcu-

lated.

the Levenberg-Marquardt algorithm, the formula could be

written as follows,

1
O—C:ATO+AP0><E+§P(O)><E2+T. (1)

7 is to describe the eccentric orbitrfin 1952, + =

K[/(1— e?)sin E, cosw + cos E, sinw|, where the os-

The fitting curves are plotted in Figuke As can be

seen from the figure, the smallest dots refer to the DASCH
data, the bigger dots to the other visual and photographic
data, and the biggest dots to the photoelectric and CCD da-
ta. Both the long-term change and the short-term variation
are continuous and well fitted by the lines. The middle pan-
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Fig.2 TheV R.I. band direct image of the visual binary with the Xinglong 2méelescope on 2019 May 1.
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Fig.3 Normalized spectrum of eclipsing binary XZ CMi with the Xingg 2.16 m telescope on 2019 May 1 and 2019
May 2.

el of Figure5 shows the periodic oscillation, of which the Table 3 Parameters of Period Change and Light-time
open-up parabola had been deducted from the combindgffect

fitting line in the upper panel. The parameters are listed Parameter Value
in Table 3 where the amplitude of the periodic variation AT T 0.011226.0.00051)
is 0.0187(0.0016)d, and the period is so long as to be A Py 9.42(0.33) x10~7
about 95.7¢2.1) yr. No other changes could be extracted P (0) (dcyc) 1.29@0.34) x10~!1
from the final residuals presented on the bottom. K (d) 0.0187(-0.0016)

e 0.86(-0.04)

w (%) —141.8¢4.5)

Ps (yr) 95.7(2.1)
4 MODELLING THE LIGHT CURVES o) (M) 0.00826.0,0057)
Light-curves in BV RcI- bands were observed and a3max (aU) 25.26-5.7)

modelled with the 2013 version WD programme

(Wilson & Devinney 1971 Wilson 1979. The first spec-

troscopic observations for XZ CMi were also carriedso took 6881 K and 7055 K as input values@f The
out on 2019 May 1 and 2. The mean effective tempergravitational-darkening coefficients was setgas= g> =
ature is measured to be 696&7) K, and then we al- 0.32 (Lucy 1967, and the bolometric albedo to by =
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Fig.5 OurO — C curve where themallest dots are data from DASCH, thmiddle dots are visual and photographic data,
and thebiggest dots are photoelectric and CCD data.

As = 0.5 (Rucihski 1969. In addition, the bolometric and luminosityl, 5, l1v, l1g. andlyi;., and the dimensionless
bandpass limb-darkening coefficients are acquired accorgurface potential®; and(2, are all self-adaption with the
ing tovan Hamme&1993. Meanwhile, parameters such as iteration of the program.

the inclinationi, temperaturds, primary monochromatic
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Different models of the WD code were tried, and on-  The cyclic variation in theD — C diagram is due to
ly mode 5 (semi-detached binary with the secondary fill-the light travel time effect caused by an eccentric compan-
ing its equipotential surface) is considered as the apprden star going around the central binary. Such model was
priate model. As has been shown on the left of Fighire first proposed byrwin (1952 then successfully and wide-
a series ofg were tried, generating the optimal conver- ly applied to numerous variables and binary syste@iarg
gence solution. The parameters are tabulated in Téble 2001, Qian etal. 2008Zhu et al. 2012Li & Qian 2014
where one can see the valueqab 0.59, the filling degree Zhu etal. 2019a Wang etal. 2019 Zhu etal. 2019p
of the primary is 91%, and the contribution of the third Minimum mass of the third body is 0.42(.09) M,
light are 19.04-0.76)%, 20.4€-0.72)%, 23.5-0.69)%  while its maximum semi major axis is 25:2§.7) au. It
and 24.6€:0.68)% for B, V, R, andl. bands. On the right could be estimated that the light contribution of the third
of Figure 6 are the theoretical light curves and the semi-star is around 1%Hddington 192)4 The third star goes

detached configuration at the phase of 0.25. around the central binary pair by a 0.86).04) eccentric
orbit once every 95.42.1) yr.
5 DISCUSSION AND CONCLUSIONS As for CyCliC variation in th@ — C curve, Applegate
mechanism has also been applied to some late type systems
5.1 Orbital Period Evolution (Applegate 199p Therefore, we should check and discuss

whether it is efficient in XZ CMi.
PreviousD — C analysis could not describe the changes of

the last decade, 2009-2019ign 2002 Samec et al. 2006 AP _ 449 3)
Kim et al. 2009. Therefore, we collected all of the avail- P ma?
able data along with our observations and proposed a newherea is the separation between the two stars in the e-
model to re-analyse th@ — C curve of XZ CMi. Itis found  clipsing binary. SinceRovithis-Livaniou et al(2000 had
that our newO — C' model could well depict the orbital pe- provided a formula to acquire thAP, ie., AP =
riod changes of XZ CMi. A\/2[1 — cos(2mP/P3)]. As aresultA P/ P = 4.80156 x
(). Long-term period change. 10-%. The simplified Kepler's third law is written as
The O — C data spanning for over 100yr where (m; + m2)P? = 0.0134a3, wherea is able to figure out.
the rate of period change &15(+2.14) x 1072 dyr~'.  Consequently, the calculated@ = 7.0 x 10*® gcn?,
Since the mass of the primary component is estimated aghich is not within the range of0°° — 1052 gcn? for
1.52(0.04) M, and the mass ratio in Figubds 0.59, the  Algol binaries (anza & Rodono 1999 revealing that the
mass of the secondary star of the eclipsing binary XZ CMiApplegate mechanism may not be a cause for the cyclic
is detected to be 0.89().03) M. Thus, the mass transfer modulation of XZ CMi.
rate under conservative process can be derived from this

equation, 5.2 Visual System
P 1 1 : ,
— =3P(— - —). (2)  We took an image of the ViS by th& RcI- bands at
2 M2 a ‘good-seeing’ night with the 2.16 m telescope on 2019
It is calculated to be abouin, = 1.0(£0.3) x  May 1 (Fig.2). Itis found that this dim ‘Visual Star’ grad-

1078 Mg yr~!, which is exactly at the thermal time s- ually brightened along with the wavebands. We use IRAF
cale. This is in accord with the semi-detached configuraaperture photometry to measure the brightness of the two
tion, where the low massive secondary star has filled theisual stars, of which the light contribution in théR.I.
Roche lobe and continuously transferring matter to thévands are separately 18.8%, 21.2% and 22.2%.
more massive primary. However, it should be noted that By checking the Gaia DR2 database
the gas stream might temporarily break up along with thgGaia Collaborationetal. 2018 a target of 11.89
elongation the semi major axis, which means that the abou@ean apparent magnitude in thi@aia-g band is lo-
mass transfer ratio may be varyingh@ng etal. 2014  cated at an angular distance of 2.408 arcsec east by
According to Tout & Eggleton (198§ and Tout & Hall  south of the eclipsing binary XZ CMi. Tablé shows
(1991), close binary with high filling degree should un- the parallaxes of XZ CMi (i.e., 3.1843).0423 mas)
dergo an enhanced stellar wind and cause a large quantind the ViS (i.e., 3.245%0.0532 mas) from the
of mass and angular momentum loss. However, Figure Gaia DR2 database. They are scarcely less with-
shows that the orbital period of XZ CMi is increasing, in the range of errors. Moreover, the proper motion
which suggests that the influence of mass transfer is greatgr two directions for XZ CMi are —16.64{0.077)
than that of mass and angular momentum loss. and -8.577£0.053) mas yr', and as for the ViS
(if). Orbital period modulation. are —15.459£0.095) and -8.582¢0.098) mas yr!
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(Gaia Collaboration et al. 2018Noticing that the proper panion are obtained by the ‘mistake’ of LAMOST on 2014
motion in right ascension direction is close but with Nov 9. According to the LAMOST DR6 database, the ef-
the difference of about 1 mas yr. Almost all of the fective temperature of the ViS is 6164(8) K, the gravita-
astrometric parameters of the two visual points (be§,  tional constantog g = 4.61(-0.03) cms 2 and the metal
parallax and the proper motion of the declination compo-abundance [Fe/H] equals 0.188(.014) dex. It can be es-
nent) reveal that it is most likely a visual and gravitatibna timated that the mass of the ViS is 1.15; as a main se-
bound system. The dim ViS is located at a distance ofjuence star. We performed the spectroscopic observations
about 760 au away from XZ CMi on the horizon planeon 2019 May 1 and 2019 May 2 to have obtained the atmo-
of the celestial sphere; thus, the corresponding period ispheric parameters of XZ CMi. The surface temperature,
estimated to be about 10480 yr. log g, and [Fe/H] of the ViS are all different from that of
the parameters of the central triple observed in May 2019.

By referring to the LAMOST DR6 catalogue, the Since the values of [Fe/H] of them are different (TaB)e
head file of XZ CMi records that the input coordinate ofit is difficult to believe that they were born from the same
this observation is originally intended for XZ CMi (i.e., nebula. We might infer that the ViS was somehow captured
118.529448°, 3.6556346°), whereas actually pointed to from the interstellar field. It should be noted that the value
the VIS (i.e.,118.530084°, 3.655476°). Unintentionally, of [Fe/H] for the ViS is actually higher than that of the in-
the values of the atmospheric parameters of the visual com-
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Table4 Photometric Solutions of XZ CMi

Parameter Value Value Value
mode mode 5 mode 5 mode 5
T1 (K) 6881 6968 7055
T1/T> 0.7054(0.0011) 0.7031(:0.0011) 0.7006(:0.0011)
q = M>/M; 0.6122¢-0.0090) 0.5900€:0.0089) 0.5900€:0.0092)
i(°) 81.38 (+£0.23) 81.50 (-0.31) 81.53 (+0.29)
f1[%] 91.37 0.34) 91.43 ¢0.34) 91.49 @0.35)
Tlpole/@ 0.3674(0.0012) 0.3705¢:0.0012) 0.3705(:0.0012)
Tapole/a 0.3163¢:0.0012) 0.3132(0.0012) 0.3131(:0.0012)
T1point/@ 0.4274¢-0.0018) 0.4307¢0.0019) 0.43080.0017)
T2point /@ 0.4502¢:0.0012) 0.4463(0.0012) 0.4463(0.0012)
T1side/@ 0.3838(:0.0014) 0.3871¢:0.0014) 0.3872(:0.0014)
Toside/ @ 0.3306(:0.0013) 0.3273(0.0013) 0.3272(0.0013)
T1back/a 0.4030¢-0.0015) 0.4063(0.0015) 0.4063(0.0014)
Toback /@ 0.3628(:0.0012) 0.35950.0013) 0.3594(0.0013)

hie/(lip +12B)
hv /(v +lav)

lire/(liRe + l2Re)

lire/(l11e + l21c)
138 /ltotal B

l3v /liotalv
l3Rc/ltotach
lSIc/ltotallc

0.9237(:0.0007)
0.87726:0.0011)
0.8437(-0.0014)
0.8128¢-0.0017)
0.1996€-0.0060)
0.2121¢:0.0057)
0.2423(0.0056)
0.2517¢0.0057)

0.9260(:0.0008)
0.8805(:0.0013)
0.8481(:0.0016)
0.8176(:0.0019)
0.1902(:0.0076)
0.2039¢0.0072)
0.2352(£0.0069)
0.2455(£0.0068)

0.9260¢-0.0008)
0.8804(-0.0012)
0.8481(:0.0016)
0.8174£-0.0019)
0.1901¢-0.0075)
0.2038(:0.0070)
0.2351¢-0.0067)
0.2454¢-0.0067)

¥ res? 0.00004369 0.00004395 0.00004422
Table5 Astrometric Parameters of XZ CMi and the ViS
Target as2000 (deg) d2000 (deg) Parallax (mas) pm.ra(masyrn pm.dec (masyrl)
XZ CMi  118.529449945  3.65565080181  3.1843)(0423) —16.647 {0.077) —8.577 (£0.053)
the ViS 118.530102928 3.65551225130 3.2450.0532) —15.459 (0.095) —8.582 (-0.098)

teracting binary. Thus, we can find thatthe ViSisayounger ~As we can see from this discussion (subsection of
joint member of this wide binary system. Orbital Period Evolution and subsection of Visual System),
by summing the light contribution of the third star (the
O—C' third star) and the light contribution of the fourth star
(the ViS), it is just in accord with the results of the third-
light proportion in the photometric solutions. As a result,
There were great differences of opinion about the temperahis issue has been solved.

ture of the primary star of XZ CMi in historyRafert 1990 We demonstrate that the XZ CMi system is actually
Terrell & Wilson 1990 Terrell & Henden 2002Kim et al.  a hierarchical quadruple system. It consists of a close-in
2009. In this case, the that they obtained ranges from triple and a wide visual companion star shown in Figlire
0.293 to 0.830, without consistent result. Moreover, theThe eclipsing binary XZ CMi is located in the innermost
third light derived by many previous researchers fromlayer of that close-in triple system. The ViS is possibly a
photometric solution is quite large, to be about 20% .gravitational bound fourth star located at the outer layer o
Meanwhile, the mass of the third-star calculated thougtthis hierarchical quadruple system.

their O — C' method is rather low, which could contribute ) )

only 1% of the light. So the contradiction and paradox peAcknowledgements This work is partly supported

tween the third-light and the third-body is remain unsolved?y the National Natural Science Fou.ndation of Chi_na
for years. (Grant No. 11922306), the Key Science Foundation

of Yunnan Province (Grant No. 2017FA001) and the

By modelling the light curves, we found that the e- CAS Interdisciplinary Innovation Team. The data were
clipsing binary XZ CMi is a semidetached system. Threeobserved by using the Xinglong Tsinghua-NAOC 80 cm
temperatures show almost the same results, e.g=  telescope, the NAOC 2.16 m telescope, and the Yunnan
0.59, i = 81.5° f; = 91%, suggesting that the result- Observatories’ 60 cm and 1 m telescopes. Additionally,
s are reliable and it is a near contact semidetached binarthe Guo Shou Jing Telescope (the Large Sky Area

According to the photometric solutions in Taldlghe third ~ Multi-Object Fiber Spectroscopic Telescope LAMOST)

light are 19.040.76)%, 20.4€0.72)%, 23.54:0.69)% is a National Major Scientific Project built by the
and 24.6£-0.68)% for the B, V, R andI bands. Chinese Academy of Sciences. Funding for the project
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processed by thé&saia Data Processing and Analysis 466
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