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ABSTRACT

We present the first spectroscopic study of an eclipsingsy&T UMa. Our spectra show that
the main visual component A is a triple-lined star, whichgiets of a close eclipsing pair and a farther
third component. Radial velocity measurements show eeelefireflex motion. We used Hipparcos
and our ownR-band light curves for the analysis. These results enalbdetb walculate absolute
parameters of the eclipsing binary system: 1.37 léind 1.31 M;, and corresponding radii 2.11.R
and 1.63 R, . Both eclipsing components are evolved. The orbital pevittie eclipsing subsystem
is 1.2 d and the semi-major axis — 6.5 R The wide orbit has low radial velocity amplitude and its
parameters are difficult to determine. We obtained a prakmyi solution which must be confirmed
with future observations. The preliminary period of the aviatbit is 394 d and the lower limit for
the semi-major axis — 174 R (0.81 a.u.). We estimated the mass of the third body to abh&uwll, .
Additionally, we investigated the visual companion B. Weaihed spectra of this star and measured
the radial velocity which is very close to the one of the comg A. The proper motions and the
parallax are also similar. These are strong arguments ¢inapanent B is gravitationally bound with
the main triple system A.

Key words: binaries: close — binaries: eclipsing — binaries: spectropic — Stars: individual:
GT UMa

1. Introduction

The statistics of stellar multiplicity provide constrardn the initial parame-
ters of the stellar clusters formation. All zero age staesraembers of binary or
multiple systems. This is confirmeda observation and simulations of collaps-
ing molecular clouds (Bate 2004). During dynamical evalatihe hierarchy of a

*Based on spectroscopy obtained at the NAO Rozhen, Bulgadidazna Spectroscopic Tele-
scope 1 and 2, Poland
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system is established and some lighter components may tieejiEom the sys-
tem. We know more than one hundred multiple stars containeclipsing binary
(Zasheet al. 2009). The existence of an eclipsing pair in the multipleesyspro-
vides us with a unique possibility to derive precisely theabte parameters of
the components. Most systems are binary or triple and theehilgierarchies are
rare (Tokovinin 2014). Observations of multiples are imant for understanding
of stellar formation, which is still a field of intense inviggttions (Reipurth 2017,
Tholine 2002, Zinnecker 2002). Some of the latest resultgvgbrocesses respon-
sible for creation of multiples. Pinedzt al. (2015) present observations of core
fragmentation responsible for the formation of wide biearwith separations of
10°—10* a.u. Observation of a star formimig disk fragmentation were provided
by Tobinet al.(2016). The separations in this case are abodi?200%° a.u. The
most probable mechanism of formation of the closest paiés{l.u.) are the
Kozai-Lidov cycles with tidal friction, which causes thebds to shrink.

Since 2009 we have carried out spectroscopic observationmbiple stars
with eclipsing component. Until now the program includerkthstars: HD 86222
(Dimitrov et al.2014), V342 And (Dimitrowet al. 2015) and DY Lyn (Dimitrowet
al. 2017). We detected new components for all these objectsimBieinstruments
used in this program are small 0.5-m and 0.7-m telescopapmepiwith echelle
spectrographs, but we also used spectra from 2-m classdples.

15II
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Fig. 1. Direct image of components A and B of GT UMa from theiBilgSky Survey.

The star GT UMa is listed in the Washington Double Star CgtdWDS —
Masonet al. 2001) as a visual binary (Fig. 1). The main component A is &bou
2.6 mag brighter. The equatorial coordinates of the systenua= 10"35"557,
0= +63°3532" (FK5). The first light curve and detection of the eclipses esm
from Hipparcos satellite. The measured parallax.866-1.18 mas and the corre-
sponding distance is- 122 pc. The star was observed photometrically by Mikuz
et al. (2004), who improved ephemerides and listed the timesiofma. The au-
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thors presented two ephemerides, the first based on Hippdata and the second
based on Hipparcos and their photometric observationsedBas the Hipparcos
results Mikuzet al. (2004) stated that the visual component B is not gravitalign
bound to the main star. They noted that the components hayealifeerent proper
motions. According to the authors, the velocity projectadhe plane of the sky is
= 200 km/s and the projected separation between the visugl@oamts — 2150 a.u.
However, the projected velocity is not consistent with tepagation measurements
in the last two centuries (Table 1), which showed no significhanges in the angu-
lar distance of the two visual components. Therefore, ikedy that component B
may be bound to the main star (Section 4).

Tablel
Position angle and separation measurements for GT UMa A arahiponents from WDS, CCDM

date [yr] PA sep. mag mag Source

1832 268 150 - - WDS
1909 266 17’9 8"4 10"8 CCDM
1991 2664 17/57 8M1 10765 Hp., Tyc.
2012 2679 17/90 &M7 10"72  WDS

(Catalog of the Components of Double and Multiple

Stars — Dommagnet and Nys 1994), Hipparcos and Ty-
cho catalogs. The given magnitudes (magd mag)

for CCDM and Hipparcos are in visual band, and for

WDS the optical part of spectrum.

The most recent measurements of the parallax for GT UMa caooma the
Tycho-Gaia Astrometric Solution (TGAS — Gaia Collaboratet al. 2016, Lind-
grenet al.2016) catalog: 34+ 0.27 mas (19510 pc) and Gaia Data Release 2
(Brown et al. 2018): 505+ 0.04 mas (198-2 pc). Astrometric results are listed
in Table 2.

Table?2

Parallax and proper motion for GT UMa A

source date parallax  pg - COSd Hs
[yr] [mas] [mas] [mas]
Hipparcos 1997 48+1.69 14.30 —9.43
Hipparcos 2nd ed. 1997 .&+1.18 19.75 —1159
ASCC 2001 788+1.69 16.01 —8.02
Gaia DR1 2015 83440.27 1404+0.07 -10.28+0.07

Gaia DR2 2018 ®5+0.04 1399+0.05 -10.62+0.07
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The main aim of this paper after the detection of the third gonent is the
determination of the eclipsing binary (EB) pair's paramgt@nd confirmation of
the reflex motion visible in the first datasets.

2. Observations

2.1. Detection of the Third Component

The third component was detected at NAO Rozhen with the Cspéétro-
graph of the 2-m Ritchey-Chrétien Coudé (RCC) telescopaceSihen we have
collected spectra at Rozhen with both Coudé and the new Eckgéctrograph
(ESPERO), described by Bonet al. (2017). We also have echellé spectra from
our two PST telescopes placed in Poland and USA (Arizona). All obtaspettra
for GT UMa A are triple-lined (Fig. 2).
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Fig. 2. One of the first Coudé spectra of the GT UMa A star. Thgetlined shape of the near
infrared Call triplet is clearly seen in the inset.

2.2. Radial Velocities

The first data were acquired between December 1999 and Dec@®B3 with
the 2 m RCC telescope (Table 3). The Coudé spectrographmlipith Photo-
metrics CE200A CCD camera was used. The spectra coveredam rafgabout
200 A around the near infrared Call triplet with a resolvirayer of R ~ 20000.
In 2014 we obtained five spectra with the 0.5-m PST1 whichcaugid that the
echellé spectra were more suitable for radial velocity (R\Masurements due to
the much longer spectral range. The main dataset was adledth the 0.7-m
PST2. The typical signal-to-noise ratio of the spectra @m0, slightly better in

Thttp:/iwww.astro.amu.edu.pl/GATS
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the case of PST2. The spectral range for PST1 is 4325-7730 3880-9180 A
for PST2. Both PST 1/2 spectrographs are fiber-fed, havirggalving power of
35000 and 40 000, respectively. They are equipped with ABZ#06 and iKon-L

CCD cameras. Part of the data were acquired with ESPEROfékerehellé spec-
trograph. Itis equipped with Andor iKon-L CCD camera. Thealeing power of

the spectrograph is about 30 000 (Section 4.1).

Table3
Available spectra and photometry for GT UMa A

Instrument HIxart HJDeng Timespan ngps Spectral range [A]
—2400000 —2400000 [d] or band
Spectroscopy
Coudé 51537 52976 1439 40 8464-8670
ESPERO 57210 57476 266 3 3931-9192
PST1 56724 56766 42 5 4325-7730
PST2 56750 57115 365 58 3876-9179
Photometry
Hipparcos 47875 49053 1178 178 Hp
SPT 53851 53862 11 2268 R

The spectra were reduced using standard IRpfcedures, including bias,
dark, flat-field corrections and spectra extraction withikdgaound subtraction. For
reduction of PST1 spectra we used IRAF/python scripts ancdemic ray removal
the DCR code (Pych 2004). The PST2 data was reduced with tKardinski code
dedicated for this instrument.

The velocities for all the datasets were measured with ezos®lation tech-
nique. IRAF FXCOR task was used. We fitted three Gaussiarniturgto the triple
CCF (Cross-Correlation Function) peaks. In Fig. 3 we pregencross-correlation
function for different phases. In some cases blending offihee peaks is strong
and measurement of the velocities is not possible. We havéitoad peaks which
correspond to the eclipsing pair components and one nahigl, peak — of the
third body. The broadening of the EB peaks results mainlynftbe short rota-
tional period of the binary. The third body shows significaatiations of the RV
which could be caused by the reflex motion in the system (BigThe RV mea-
surements will be availableia CDS/Vizier database. The shape of the CCF and
other parameters are very similar to the previously ingas#éid star in our program
— DY Lyn (see Section 3.2).

*IRAF is distributed by the National Optical Astronomy Obsatpry, which is operated by the
Association of Universities for Research in Astronomy,. Jmnder a cooperative agreement with the
National Science Foundation.
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Fig. 3. Three peaks of the cross-correlation functions forl@a A in different phases. The date
and the Universal Time are given.
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Fig. 4. RV measurements for the three spectroscopic cormeieé GT UMa A phased with the
orbital period of the eclipsing pair. RVs of the EB comporsesate marked with open circles while
the third component velocities are marked with black dots.
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Additionally, we acquired two spectra of the weaker visu@hponent B with
ESPERO. Fig. 5 presents the four spectral regions of ourtrgpeavith higher
signal-to-noise ratio. The spectrum is typical for the tieédy cold main sequence
star, the lines are sharp and the Balmer lines have visiblgsviThe spectrum is
analyzed in Section 3.3.
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Fig. 5. Four spectral regions of GT UMa B spectrum acquireti @SPERO.

[

2.3. Light Curves

The light curve from Hipparcos is available, but the scaigehigh (o c =
0.03 mag) and the number of points is only 178. We collected nata dith a
small 20 cm Newton equipped with ST7 SBIG CCD camera and dotRdilter.
The new dataset contains 2268 measurements with typicatamoo, ¢ = 0.007.

It is impossible to fit all the data with one period. We havethgroups of data
spread in time: Hipparcos, our photometric and our RV resiit least one of the
datasets is shifted. The times-of-minima aDd- C data are listed in Table 4. As
the O —C; residuals show a drift, we calculated a new ephemeris (Egthigh is
in a better agreement with the times-of-minima. The cowadng residuals are
listed in columnO —-C,.

HJID(Minl) = 2457 11325077+ 1916471430 E (1)

It is worth noting that new photometric data of GT UMa A areikalge from
ASAS-SN (All-Sky Automated Survey for Supernovae, Shappeal. 2014 and
Kochaneket al.2017).

Shttp://www.astronomy.ohio-state.edu/asassn
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Table4

Times-of-minima of GT UMa A

HJD error minimum O—-C; O-C, Cycle Source
—2400000 [d] [m] [m]

48474.60 0.02 | 2® 507 0 Hipparcos
48738.97 0.02 | —6.3 217 227 Hipparcos
49003.92 0.02 1] -36.7 -107 454 Hipparcos
52278.52 0.005 | —-2.9 —-25 3266 Mikuzet al.2004
52279.69 0.008 | & 51 3267 Mikuzet al.2004
52282.60 0.005 I 2 26 3269 Mikuzet al.2004
52285.51 0.005 | -0.4 00 3272 Mikuzet al. 2004
52287.255 0.006 1] -33 -3.0 3273 Mikuzet al. 2004
52652.396 0.004 | 3 14 3587 Mikuzet al.2004
52654.72 0.008 | -3.9 —-6.4 3589 Mikuzet al. 2004
53851.46711 0.00016 1 10 —-51 4616 photo. R, this paper
53862.53160 0.00020 | B 129 4626 photo. R, this paper

56712.5855  0.0009
56756.8516  0.0024

20 -18 7073 Hub. and Lehm. (2015)
3% 22 7111 RV PST2, this paper
57080.6298  0.0033 22 49 7389 Hubscher (2016)
57113.2623 0.0016 58 166 7417 RV PST2, this paper

Hipparcos minima are taken from Mikez al.2004. The twdD — C columns are given:
O —C; calculated with respect to the ephemeris presented by Mikat. (2004) and
O—C, —from Eq.(1). The deeper minimum is marked as |.

3. Results

3.1. Preliminary Calculations

To prepare for modeling of the system we performed somerpiadiry calcu-
lations. At the beginning we calculated two times-of-miaifnom the RV data
(Table 4). Calculations were done for two phased groups ettsp collected by
PST2. There is a phase shift between RV and LC (light curvapotit 0.013, cor-
responding to about 20 min, which could be caused by the-tigha effect of the
wide orbit.

The RVs are plotted in Fig. 4. The EB curves (components oddwan) have
similar amplitudes. The variations of the third body vetgaire clearly visible. We
fitted the EB RV data and obtained the preliminary paramg@i&sented in Table 5.

Additionally, we made an estimate of temperatures of theelspectroscopic
components. We used cross-correlation functions and semppectra with differ-
ent temperatures to find the one with the best agreement. Yameld temperatures
of 63504+ 100 K, 6400+ 100 K and 644@-50 K for the first, second and third
component, respectively. These values are close to the taigerature of the
whole system 6426 K given by Ammoes al. (2006). Additionally, we estimated
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Tableb

Preliminary fit of the echellé RV results for the close 1.16bib

Parameter Value

Period [d] 1.164708 fixed

K1 [km/s] 1337+1.7

Ko [km/s] 1414+1.8

Vy [km/s]  —485+0.7

HJDy 2457113.8367(17)
Oy [km/s] 8.2

the ratio of the luminosities of the three stars which is prtipnal to the surface of
Gaussians fitted to the CCF. The more massive EB componetiédsghest lu-
minosity among the components of GT UMa 8;:: S : S3=0.468:0274:0258.

3.2. Wide Orbit

The available RV measurements show evidence of reflex matidhe sys-
tem (Fig. 4). The peak-to-peak amplitude of the third congmis RV variation
is =~ 45 km/s. The effect is smaller for the eclipsing pair cenfemass (COM)
about 15 km/s. The determination of the wide orbit periodiicdlt due to rel-
atively small number of measurements. For the period aisalys used a code
based on the Schwarzenberg-Czerny (1996) method, wrigt&@récjan Maciejew-
ski (private communication). We have found the best perioabout 394 d. The
obtained RV curves have significant scatter and the phassrags is imperfect
(Fig. 6). This caused problems with fitting the synthetiovest We were forced to
fix the mass ratio to obtain the result. This parameter wad fit@ value estimated
based on a denser group of measurements. Results are tisiallle 6. The sub-
stantial scatter of the RV curve for the third component ipssing, because the
CCF peak for this component is high and sharp. Dispersiohe$tibsequent data
points obtained during one night is small. Comparing withkry similar data of
the previously investigated object DY Lyn we notice that thied body RV curve
there has a very low scatter. We searched for alternativegseand for additional
variation,e.qg, pulsations, which could explain such a big scatter in GT UMAhut
without success. Our results confirm the existence of refletiam in the system,
but precise period and orbital parameters must be confirnigdfuture observa-
tions.

We used the wide orbit results to correct the EB RV data forréikex mo-
tion. The scatter of the corrected data is slightly lowerttBaata before and after
correction were fitted during modeling of the EB (Section 3.4
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Fig. 6. RV curve for the wide orbit. The results are phased tie 394 d period. RV of the EB-COM
are presented with open circles and of the farther third aamapt — with black dots. Red and blue
dots represent bins of 0.1 phase.

Tableb6

Parameters of the wide orbit derived with PHOEBE

Parameter Value
P [d] 3937+0.3
HJDy 2458262+ 5
gq= Kg/KEB 0.4 fixed
asini [Rg] 173.8+12
asini [a.u.] 081+0.06
Vy [km/s] —435+0.4
w [rad] 29+0.2
e 0.36+0.04
K3 [km/s] 171+14
Keg [km/s] 6.8+£0.6
mesin®i [Mg] 0.134+0.04
meesinti [Mo] 0.32+0.11

The errors are formal.

3.3. The Visual Companion GT UMa B

As we mentioned in the Introduction, the question whethenikual compo-
nent B is dynamically connected with the main system is sfitn. To solve the
problem we acquired two spectra of the B component.

We measured the RV for both spectra using IRAF FXCOR task. crbss-
correlation function reveals a sharp, single and symmegak (Fig. 7). The he-
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Fig. 7. Sharp, single peak of the GT UMa B CCF.

liocentric values are-41.0 km/s and—40.3 km/s. The time span between the
two spectra is about one year. This suggests that the cooparprobably single.
These values are very close to the systemic velocity of tha wisual component,
which is —43.5 km/s (Table 6). This is a strong argument that A and B compisne
are dynamically connected.

The ASCC-2.5 (The All-Sky Compiled Catalogue of 2.5 milltars) contains
parallaxes for both A and B visual components. They agreleinvérrors, 788+
1.69 mas for A and 80+ 1.69 mas for B. This is an additional argument that the
visual companion is dynamically connected with the mainesys Using the same
catalog we can calculate the color index for the componer®@ BV = 0.60 mag.
This value corresponds to G1 spectral type anddp of about 5850 K. Another
source of color measurements is Tycho Double Star CatalpDgC), the color
index value listed there iB—V = 0.584 mag.

Some catalogs based on TDSC list very high and unrealistipggrmotions
for component B [l = 3224 mas/yr andis = 59.6 mas/yr). More reliable values
are given by the ASCC-2.5(, = 19.13 masl/yr andus = —9.52 mas/yr. Those
values are close to the proper motion of the componenfiA= 16.01 mas/yr
and s = —8.02 mas/yr and support the hypothesis that the component Bomay
gravitationally bound to A.

The projected distance between the components A and B is 2860This
value was calculated for the mean value of the parallax €raplcorresponding
to the distance of 143 pc and the latest measurement of thdaargeparation,
i.e, 17790 (Table 1).

Atmospheric Parameters of GT UMa B

The spectra of GT UMa B were obtained with the spectrograghEEED mount-
ed on the 2-m telescope in Rozhen (Bomd\al. 2017). Two spectra in the range
from 3900 A to 9000 A, with resolving poweR ~ 30 000 were taken on July 6,
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2015 (YN~ 40) and on June 21, 2016 (S ~ 60). We used the second spectrum
for the analysis of the atmospheric parameters becausgloéhs/N. Both spectra
had exposure times of 3600 s. The atmospheric parametdextied tempera-
ture Tegr, Surface gravity log, metallicity [M/H], and projected rotational velocity
vsini were calculated using thé&pec! code (Blanco-Cuaresmet al. 2014). We
assumed microturbulence equal to 1 km/s, macroturbuleko@$9and solar abun-
dances (Asplunet al. 2009). The observed spectrum was compared with a set
of synthetic spectra calculated with tHePEC code for the ATLAS9 atmospheric
models (Kurucz 2005). The atomic data were taken from the WAlatabase
(Kupkaet al.2011). First, the effective temperature was estimatedjtbimBalmer
lines Hy and Hg. For stars withTes lower than 8000 K the Balmer lines are not
sensitive to log (Smalley 2005). Thus, lagwas assumed as 4.0 dex. The effec-
tive temperature is 59008100 K. Comparison of the observed and synthetic spec-
tra of Hg line is shown in Fig. 8. To estimate the errorTa we took into account
the differences in the determinéidys values from separate Balmer lines. For the
solar-type stars the surface gravity can be measured frogs Which show strong
gravity dependence, such as Cal (6162 A), NaD (5890 A and 8896nd Mgl b
(5167 A, 5172 A, 5183 A) (Gray 2005). All the mentioned linesrerused to de-
termine logg of GT UMa B. We assumede; equal to 590@: 100 K, as obtained
from the Balmer lines. The best solution was derived forgeg3.9+ 0.2 dex.

As before, the error of log was estimated from the differences in the determined
logg values from separate lines. In Fig. 8 observed lines are aosdpwith the
computed ones for one of the spectral regions uisedMgl b. Additionally, other
parameters of GT UMa B were estimated: metallighy/H] = 0.0+ 0.1 dex and
projected rotational velocitgsini = 7.0+ 1 km/s — obtained from spectral lines
Fel 6431 A, Fell 6432 A, and Ca | 6439 A, as recommended in G289%). The
cross-correlation RV-41+1 km/s was determined with th&8PEcCcode, using the
synthetic spectrum calculated for the derived atmosplipeiameters.
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Fig. 8. GT UMa B hydrogen i and magnesium triplet lines compared with the fitted model.

Twww.blancocuaresma.com/s/iSpec
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3.4. Modeling of the Eclipsing Subsystem

We used Wilson-Devinney (W-D) method (Wilson and Devinn&y'1) and
PHOEBE SVN code (PrSa and Zwitter 2005) for modeling of the EBe EB
components are close and distorted, and we assume circbiaee well as syn-
chronous rotation. We treat the more massive EB compongriraary. This star
has slightly lower temperature than its close and less massimpanion, so the
deeper light curve minimum is at phase 0.5 with respect tegiemeris.

The temperatures of both components are consistent witbaheective en-
velope. We apply gravity brightening coefficients gf, = 0.32, and albedos
ai2 = 0.5. For calculation of the limb darkening effect we used vamife (1993)
coefficients and the logarithmic law.

Table7

GT UMa A model derived with the Wilson-Devinney method foiot®RY datasets

Parameter Uncorrected Corrected Difference
RV data RV data
W-D results
ieB 80°03+0.06 8(’184-0.07 -0.15
CeB 0.950+0.012 Q934+0.011 Q016
aeg [Re] 6.4704+0.041 64644-0.038 Q006
(o]} 4.091+0.008 4059+0.008 Q032
Q, 4.851+0.019 48204+0.020 Q031
11 [R] 0.376+0.003 Q378+0.003 —0.002
I2 [R] 0.2354+0.002 Q23140.002 Q004
I3 [R] 0.38940.003 03914-0.003 —0.002
11 [Hp] 0.379+0.008 (0381+0.008 —0.002
lo [Hp] 0.2444+-0.005 Q2384-0.005 Q006
I3 [Hp] 0.3774£0.008 03814-0.008 —0.004
Absolute parameters
M1 [Mg] 1.3734+0.035 1382+0.032 —0.009
Mz [M ] 1.3054+0.033 1290+0.031 Q005
Ri [Re] 2.1114+0.006 2121+ 0.005 —0.010
R [Ro] 1.6254+0.014 1612+0.012 Q013
Tetr1 [K] 6350 fixed 6350 fixed -
Tet2 [K] 64504100 6460£ 100 -10
Mo 270+£0.07  269+0.07 001
Mpol2 3.204:0.08 3214+0.08 -0.01
loggs [cgs] 3927+0.014 3926-:0.012 0001
loggy [cgs] 4132+0.018 4134+0.017 —0.002

Last column presents the difference between the two models.

We used the RV data aridandHp band light curves to fit the model of the
eclipsing pair. We fit the model for two RV datasets: the erdiuncorrected
and the corrected data (Table 7). The results are very siauild the difference
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between them shows how strongly the third body and the refletiom influence
the obtained model. The dispersions of RV measurementsggre- 8.1 km/s and
orv = 7.5 km/s for uncorrected and corrected data, respectivelyh@svide orbit
parameters must be confirmed with future observations, \wky alpe uncorrected
fit as our main result. Our best fit shows two similar composemth masses
1.37 My and 1.31 M,. The stars are evolved, the obtained radii are 2;1dRd
1.6 R, . The separation between the stars is only 6.5dRd the stars are distorted,
which is visible in the LC curved maxima.

Our model shows two stars with very similar massgs=(0.95), but with sig-
nificant difference in radii what is surprising. Both stams avolved, but component
one has larger radii and it is more distorted. It is worth mptihat the log value
for the visual component B is also lower than for main seqaetars (Section 3.3).
The primary star temperature was fixed at the value which vesrdd using cross-
correlation method (Section 3.1). The fitted temperaturth®fsecond component
is about 100 K higher, as we can expect for the less evolveavittasimilar mass.

brightness [mag]
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Fig. 9. Photometric measurements and the fitted light curves

Third Component

The main visual component A is a spectroscopic triple stacomsists of an
eclipsing binary (components one and two) and a third corapbrHere we sum-
marize the results for the third component.

From the W-D model we have the so called “third light” and &mout one third
of the light of the A component, 0.39 and 0.38 ®®ndHp filters, respectively.
Other estimation of the contribution of the third componiarthe total flux based
on CCF shape suggests lower value of about 26% (Section\®d gstimated the
temperature of the third component to be 64480 K (Section 3.1).

The RV measurements of the third component show peak-to-ysréability
of about 45 km/s (Section 3.2). It orbits on a wide orbit ambaine COM with
the close eclipsing pair. Our best fit indicates a period ¢f 8%nd semi-major
axis of 173 R,. This result must be confirmed with additional RV data, as the
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Fig. 10. RV curves for both uncorrecteapper panél and corrected data.

coverage of the phases of the wide orbit is imperfect. The ®Veas (Fig. 4) and

the amplitudes of the reflex motion suggest that all threetspgcopic components
have comparable masses. Using the mass ratio of the wideaotbEB mass from

the W-D model we can estimate the mass of the third body oftahOW M .

Alternatively, we can estimate the third mass from thgsin®i (Table 6) and
the wide orbit inclination. The obtained result is very @ds the previous esti-
mation and it is 1.09 M. We estimated the inclination (28) of the wide orbit
comparing themegg sin®i with the mass of the eclipsing binary from the W-D model
(Table 7).

Similarity of GT UMa and DY Lyn — the Formation Scenario

One of the objects investigated by our team, DY Lyn (Dimitedal. 2017), has
many similar properties with GT UMa. Both stars consist oimspectroscopically
triple system consisting of a close eclipsing pair and ahéarthird component.
The two objects have visual companions. In the case of GT tHdacbmpanion
is probably bound with the main system. The angular semeraif the visual
neighbors is 10and 17'for DY Lyn and GT UMa, respectively. The distances to
the systems are 198 pc (Gaia DR2) and 285 pc, GT UMa is therabose On a
first sight the cross-correlation functions of both objestsindistinguishable. Both
systems reveal reflex motion which has higher amplitude énctise of DY Lyn.
In both cases the eclipsing orbital period is slightly higttean one day (1.3 d
for DY Lyn and 1.2 d for GT UMa), and the masses of the eclipgiags are
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2.35 My and 2.68 M., respectively. In both cases the mass ratio is very close to
one. The dimensions of the close orbits are almost equal sdhg-major axes
are 6.5 Ryand 6.7 R,, the smaller one corresponds to GT UMa. The wide orbit
of DY Lyn has a period of 281 d and the projected size of the seajor axis is
295 R, . In the case of GT UMa these values are 394 d and 174\Ne estimated
the mass of the third body of 1.4 Mand 1.1 M., respectively. The inclination of
the wide orbit of DY Lyn must be close to 9and about 30for GT UMa.

Both systems have many common characteristics which stiggessible sim-
ilar formation scenario. We could compare the separatiethsden the components
with the numerical results of the fragmentation of collagsilouds. According to
Machidaet al. (2008) the inner part of the systems, the eclipsing pairstorm
in a protostellar epoch of fragmentation. The third compisienust separate ear-
lier, between the second collapse epoch and the protagpbiéese. The far visual
companions which are potential fourth components of théegys must form in
adiabatic phase. Those components have separations &atidsiastronomical
units from the main spectroscopically triple systems.

4. Summary and Conclusions

The main result of this paper is the spectroscopic deteofiarthird component
of GT UMa A. The monitoring of the system reveals significait €&hanges of
the third body caused by reflex motion. The W-D model of the BBsystem
reveals two similar and evolved stars. Models were caledl&dr two RV datasets:
uncorrected and with the correction for reflex motion. Theparison of the two
fits reveals that the differences between absolute parasride mass and radii are
less than 1% and the formal errors for both fits are less theb 2 Fitting of the
wide orbit was difficult and the results must be confirmed Wiitture observations
— RV curves have significant dispersion of measurementdidrcase of the third
component the dispersion is higher than one could exped.cbuld be caused by
some additional variability (pulsation or additional bgdinother option is wrong
determination of the orbital period. We unsuccessfullyralead for alternative
periods and additional variability. Solving this problenilye the main aim for
future investigation based on new spectroscopic data.

We also observed the potential farther component — the Mesirapanion B.
The results suggest that it is likely a member of the GT UMaggys The RV of this
component is almost equal with the mean velocity of the EB C@htitionally,
the proper motion and the parallax of A and B components asedb each other.
Analysis of the spectrum enabled us to calculate the maionsheric parameters,
like effective temperature, surface gravity tgnd projected rotationsini, of the
visual companion.

Summing up, our results reveal that GT UMa is a hierarchicaldguple sys-
tem, consisting of a central spectroscopic triple, seeroagponent A, which in-



Vol. 68 157

cludes a close eclipsing pair and a more distant neighba@rvidual companion B,
which is dynamically connected with component A, is the tbuwomponent of the
system.
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