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ABSTRACT. The results of spectral observations
of the Algol-type binary star & Lib are presented. The
behavior of Ha and Hf lines in the star’s spectrum
during the orbital period phase is described. Based
on our measurements of the radial velocities of the
Ha and Hp lines and using published data, the radial
velocity curves of both components of the § Lib system
were constructed. In some phases of the orbital period,
an absorption component was detected in the blue, or
red, part of the Ha and Hf line profiles. The observed
Ha and HfS absorption lines are attributed to the main
component of the binary system ¢ Lib. It is assumed
that the appearance of absorption components at
these lines is associated either with suspicion of a third
component in the system, or at these phases of the Ha
and Hp lines, the primary and secondary components
of the ¢ Lib system are observed simultaneously.
Keywords: eclipsing — binaries, individual: § Lib —
stars, line spectroscopic — stars, profiles — stars.

AHHOTAIIISL. Haseneno pesysibTaTu CHEKTPasib-
HUX CIIOCTEPEXKeHb MOJIBiitHOT 30pi Tumy Asrosa ¢ Lib.
Byso Bukopucrano nsa nHabopu crekrtpis. [lepimuit 6yB
3nooyTuit y ¢okyci Kaccerpena 2-m temeckona Illa-
MaxincbKol Acrpodisuunol O6cepsaropii im. H. Ty-
ci Ha OITOBOJIOKOHHOMY errtejie-criekTporpadi ShAFES
3a moromororo 1133-marpuri y gepsai 2020 p. Cuekrpu
OTpUMaHi 31 CHEeKTPAJTHHOIO PO3ILILHOK 3/maTHICTIO R
= 56000, y miamasomi moBxkuH xBuiab A = 3900-7500
A. JIpyruit Habip CreKTpIiB OTPUMAHO HA 2-M TEJIECCKO-
mi im. JI. Ilepeka Acrpornomiunoro Incruryry Hechkoi
Axkanemil Hayk 3a momomororo ermeje-crekTporpada
Oungpeitoa (OES) y doxyci Kyau y depBHi Ta JummHi
2022 p. Jianason noBxKuH XBHIb A = 3750-9200 Ara
R = 50000. O6pobka CHeKTpiB TPOBOIMIACS 33 CTaH-
JAPTHOIO METOJINKOIO, 32 JIOIIOMOT'OI0 HOBOI Bepcil mpo-
rpamvu DECH 30. [Ijis opiBHSIJIBHOTO aHA I3y KPUBUX
IIPOMEHEBUX IMBUIKOCTEN TAKOXK BUKOPHUCTaHI OIyO0JIi-
KOBaHI JaHI MPOMEHEBUX IMBUAKOCTEH CHEKTPAJIHHUX

Jtiniit 0 Lib.

Omnucano mosexninky Jiniit Ha i HB B cmekrpi 30-
pi mporsirom a3u opOITATBHOTO TEpIoy. 38 HAITMME
JAHUMU TIpoMeHeBux ImBuiakocreil jiniit Ha 1 HB 1 3
3aJlydeHHsIM OILyOJIIKOBaHUX JAHUX, IOOYIOBaHI KpU-
Bl IIPOMEHEBUX MIBUJIKOCTEH 000X KOMIIOHEHT CHCTEMU
0 Lib. ¥ nmeskux dazax opbIiTajbHOrO mepioy BHUSAB-
JieHo abcopOiiiinuii kKomuonent y cuniii (dasu 0.62 Ta
0.75) abo uepsowniii (basu 0.18 ta 0.19) wacTuHm IPO-
dinis Jinit Ha ta HB. A6cop6iitui Jiinil Ha i HS, mo
CIIOCTEPIratOThCsT HAMHY, BIIIHOCSATHCS O OCHOBHOI KOM-
[IOHEHTHU HoABiAHOI cucremu 0 Lib.

Ilepenbauaerhest, 1O TMosiBa aOCOPOIIHHUX KOM-
MOHEHTIB y IUX JIHIA MOB’d3aHa 3 THUM, IO B IIUX
dazax y Ha i HS cmnocrepiraiorbcss nepBUHHHUI i
BTOPDUHHMIT KOMIIOHEHTH cucremu ¢ Lib omHOYacHO,
abo 3 IIiJI03POK0 IIPO TPeTiii KOMIIOHEHT CHCTEMH,
i He BHUKJIIOYEHO, IO Ieil edekT OB sd3aHumil 3 Tak
3panuM edexkrom Maxkiadmina — Poccitepa, skwmit y
MMOOJIMHOKNX BUIAJKAX CIIOCTEPITa€TbCs Y MOABIHHUX
cucremax tuiry Ausrosa. Ilomepennbo My HaJAEMO
IepeBary Iepiiiii riroresi, ajge HajaJsi BCl Tpu rirore3un
OyIyTh PETebHO JOC/IJZKEHI, B MIpy HaKOIUYEHHS
CIIOCTEPEKHOTO MaTepiaJy.

Kuro4dosi 3aTEMHIOBAHO-TIOABIMHI  30pi,
CIEKTPOJILHO-TIO/BIITHI 30pi, iHauBigyassHO: ¢ Lib.

CcJIOBa:

1. Introdution

0 Librae (= HR 5586 = HD 132742 = HIP 73473)
is one of the nearest (~90 pc) Algol systems. This
systems is a close, interacting binary made of AOV +
KOIV stars, with V ~ 4.9 mag and an orbital period
close to P = 2.327 days. The hotter and more massive
star is A0 and it is on the main sequence; we will
refer to it as star A. Its companion, which we call star
B, is a cooler and less massive KO subgiant filling its
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Figure 1: Example the profiles of the standard star and Ha line at close values of orbital phases on ¢ Lib binary

star spectrum

Roche lobe. Matter is being transferred from star B
(the donor) to star A (the recipient). (Tomkin, 1978;
Budding et al., 2005).

2. Observations and data processing

Two sets of spectroscopic observations were used
in the present study. The first one was spectral ob-
servations of the Algol-type binary star J Lib were
carried out at the Cassegrain focus of the 2-meter
telescope of the Shamakhy Astrophysical Observa-
tory named after N.Tusi, on fiber echelle spectrograph
ShAFES (Mikailov et al., 2020), by using CCD matrix
STA4150A 4x4 K elements, with an element size of 15
pm. The spectra are obtained at the resolution R =
56000, in the wavelength region A = 3900 — 7500 AA. In
June 2020, during four nights, every night two spectra
of the studied star, and a complete set of calibration
images were obtained, and two spectra of the standard
star 109 Vir (sp. AO) were also obtained.

The second set spectrum were carried out at the
Perek’s 2-m telescope of the Ondrejov observatory from
2022 June and July 2022, with the echelle spectrograph
(OES). The OES provides a wavelength range of A =
3750 — 9200 AA and a spectral resolving power of 50000
(Koubsky et al., 2004; Kabath et al., 2020).

Processing of spectra was carried out according
to the standard method using the new version of
the DECH30 program developed by Galazutdinov
(http://www.gazinur.com/DECH software.htm). A
list of all used spectra is given in Table 1.

Table 1: Circumstances of spectral observations star

0 Lib
No Date JD Phase Radial velocity
+2450000 Ha HpS
1 07.06.2020 9008.263  0.204 -118.7 -114.7
2 08.06.2020 9009.263 0.634  34.6 25.6
3 09.06.2020 9010.255  0.060 -785  -77.3
4 13.06.2020 9014.219 0.763  40.8 24.7
5 10.06.2022 9741.357 0.195 -115.0 -117.0
6 16.06.2022 9747.335 0.763  43.9 33.4
7 02.07.2022 9763.324 0.633  20.6 14.6
8 12.07.2022 9773.317 0.927  -5.0 -8.7
9 16.07.2022 9777.317 0.646  15.1 -15
10 17.07.2022 9778315 0.074 -70.3  -29.6

3. Results of observations

Orbital phases of § Lib binary system has been pro-
vided according to the date of acquisition of the spec-
trum shown in Table 1.

Phases computed with Koch’s
ephemeris:

(Koch, 1962)

Pr.Min. = 2422852.3598 4 2.32735297F.

For a comparative analysis of radial velocity curves,
published radial velocity data for spectral lines belong-
ing to both components of the § Lib binary system
were also used (Tomkin, 1978 (date 1977); Bakish, 2006
(Ondrejov, Rozhen, date: 1996, 1997 and 2003)).

The phases of the components of this star according
to radial velocities taken from the published date have
been calculated using the same formula.

The profile of Ha and HB absorption lines from
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Figure 2: The profiles of Ha lines depending on the
phase of the orbital period on § Lib binary star spec-
trum

Balmer’s series has been constructed and heliocentric
radial velocities have been calculated using Galazutdi-
nov’s DECH 30 software. The results of measurements
of the radial velocities of the Ha and Hf lines are given
in Table 1. Fig.1 presents examples of profiles of the
standard star and Ha line at close values of the orbital
phases on § Lib binary star spectrum. Fig. 2 shows
with the variations in the profiles of Ha lines depending
on the orbital phase of the binary system.

Ha and HfS lines belong to § Lib binary system’s
primary component; the radial velocity curves have
been constructed. Figure 3 shows the radial velocity
curve of the main component of the delta Lib binary
system based on our measurements from the Ha and
HpS lines and from data from the P14 line borrowed
from (Tomkin, 1978). As can be seen from Fig.3, our
measurements are in satisfactory agreement with the
measurements from (Tomkin, 1978).

Figure 4 shows the radial velocity curve of the pri-
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Figure 3: The radial velocity curve of the primary com-
ponent of the § Lib Algol type binary system based of
our measurements of Ha and Hf lines (2020-2022) and
spectrum P14 8598 A (Tomkin, 1978 (date 1977)).

mary and secondary component of the § Lib double
system based on our measurements and published data
from (Tomkin, 1978 (date 1977); Bakish V., 2006 (On-
drejov, Rozhen, date: 1996, 1997 and 2003)).

A thorough examination has revealed an interesting
detail in the spectra of the § Lib star. In some phases of
the orbit of the § Lib binary system, an absorption de-
tail (depression) is observed on the red and blue wings
of the line Ha, namely in the phases 0.18 and 0.19, red,
and in the close phases 0.62 and 0.75 in the blue wing
of the absorption line Ha an additional absorption de-
tail appears. Fig. 5 for example, shows the fragments
of Ha line region with additional absorption detail.

As seen from the radial velocity curves provided at
the Fig.4 the lines of the secondary component of the
system are not visible at the phase values 0.4 — 0.6
(Bakish et al., 2006, Ondrejov and Roshen) or 0.35
— 0.7 (Tomkin, 1978). As observed, this phase inter-
val corresponds to the period of the secondary compo-
nent’s eclipse.

In the region of the Ca II 8542 A and P15 lines
in the spectrum § Lib, in (Tomkin, 1978) a similar
picture was found at phase 0.815 on the blue wing
and at phase 0.265 on the red wing of the Paschen
line, additional absorption is observed. The authors
explain this with the appearance of Ca II 8542 A lines
also on the secondary component of the binary system
0 Lib.

4. Conclusions

The hypothesis below may be linked to the absorp-
tion element observed at the values 0.18 and 0.19 in
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Figure 4: Primary and secondary components radial
velocity curves of the § Lib star Algol type binary sys-
tem.

Primary component - full circles: dark - Tomkin
J., 1978 (date 1977); red - Bakish V., 2006 (Ondrejov,
date: 1996, 1997 and 2003); blue - Bakish V., 2006
(Rozhen, date:1996, 1997 and 2003); magenta - ShAO
+ Czech (Ha, this work); olive - ShAO + Czech (Hp,
this work); Secondary component — full rectan-
gles: dark - Tomkin J., 1978 (date 1977); red - Bakish
V., 2006 (Ondrejov, date:1996, 1997 and 2003); blue -
Bakish V., 2006 (Rozhen, date:1996, 1997 and 2003).

the direction towards red of Ha lines and at 0.62 and
0.75 towards violet of the orbital phases of § Lib binary
system:

1. The Ha and Hf lines are visible on the secondary
component at the beginning and the end of eclipse.

2. These absorption lines are linked to supposed 3rd
component.

3. In close binary star systems, namely Algol type
binary systems are related to rarely observed Mclaugh-
lin — Rossiter effect.

All three hypothesis are the discussion topics of
the Algol type binary system research. Initially the
first hypothesis is preferred, however as the observa-
tion material accumulates, all three will be widely
researched.
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Figure 5: Example the fragments of Ha line region
with additional absorption detail.
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