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ABSTRACT. After the application of the echelle
spectrograph in combinations with high sensitivity
radiation receivers during the observations of short
period Algol type binary star systems, in some cases
there is a special feature observed in their spectrum
which could indicate the presence of the potential
third component. Currently the subclass of the star is
distinguished among the Algol type stars in spectra of
which similar features have been observed. The results
of the spectral observations of two Algol type stars
that belong to the subclass § Lib and U Sge are also
included. In both stars, there is an absorption detail
that appears during the phases of the orbit (0.1 — 0.4)
in red and (0.6 — 0.8) in blue wings of the Ha line.
These phase intervals correspond to eclipse period
of the secondary component. Preliminarily, we are
suggesting that this observational fact could indicate
the presence of the third component in the system
and also provides alternative hypotheses that leads to
similar physical conditions.

Keywords: individual: Algol, line profiles, radial

velocity curve.

AHOTAIIIA. Tlicna  3acTocyBaHHsI — ermeJijie-
cuekTporpada B MOEIHAHHI 3 BHCOKOYYTJIUBUME
IpuiiMadaMu BUIIPOMIHIOBAHHS IIiJT 9acC CIIOCTEPEXKEHb
KOPOTKOIIEPIOAUIHAX IMOJABIHHUX 30PSHUX  CHCTEM
Tury AJirosisi B JIeIKMX BUIIQJKaX B 1X CIIEKTPax
CIIOCTEPIra€ThCsd OCODJIUBICTh, KA MOYXKE BKa3yBATH
HAa HAsBHICTb IOTEHIIIHHOTO TPETHOIO0 KOMIIOHEHTA.
B pmanumit gac cepen 3ip Tumy AJIroJib BUIIISIETHCS
migkiaac 3ip, B CHEKTpax $KHX CIOCTEPIraioThCs
o 1ibH1 pucu. BKJtodeHi pesysibTaT CHEKTPAJIbHUX
criocrepexkeHb JiBox 3ip tumy Aurosib 6 Lib i U Sge,
K1 HAJIEXKATh JI0 T[bOTO IiIK/IaCcy.

CrekrpasbHi criocrepexkents 30pi U Sge mposeieHo
y doxkyci Kaccerpena 2-m teneckomna IllamaxwHchbKOT
acrpodizmanol obcepsatopii im. H. Tyci na ShaFES
3 BukopucrtaHHsM [I33-marpuri 31 crekTpabHOIO
pozainbHoo 3marHicTIo R = 28000, B 061acTi JOBXKUH
xBuiab AA 3900-7500AA, y 2022-2023 pokax. Kpusi

paJiaJbHIX IIBUIKOCTe!l 000X KOMIIOHEHTIB CHCTEMH
6 Lib Ta U Sge Oyau mobyaoBaHi Ha OCHOBI HAIUX
BUMIPIOBaHb PATIAJBHUX MIBUIKOCTEH 1 3amo3myeHi 3
myO/TiKarii.

B cmekTpax obox 3ip € merasb TOTJIMHAHHS,
sika, 3'siByIsieThest Ha dasax opbitm (0,1 — 0,4) y
gepporomy Ta (0,6 — 0,8) y cuHbOMY Kpmiax JiiHii
Ha. 1Ii ¢dasosi iHTepBau BiAlOBiIAIOTH TEPIOLY
3aTEeMHEHHs JPYroro KomioHeHTa. llomepemubo mu
MPUILYCKAEMO, IO Ieifl (DAKT CIIOCTEPEXKEHHST MOXKE
BKa3yBaTH HAa MPHUCYTHICTH TPETHOI'O KOMIIOHEHTA B
cHUCTeMi, a TaKOXK HAaJIa€ aJbTEPHATUBHI TiNOTE3H, SKi
NPU3BOAATL 0 MOMIOHHX e(eKTiB, 30KpeMa, JiHio
Ha BumHO Ha BTOPMHHOMY KOMIIOHEHTI HA MOYATKY
Ta B KIHII 3aTeMHEHHsl, a00, MOXKJUBO, IO edeKT
Maxkmaadaina—Poccitepa pigKo CcHOCTEpIraeThes B
no/BiitHuX cucremax tuiy Asrosisi. Yci Tpu rinoresn
€ TmpeaMeToM OOrOBODIOBAHHsI B MIpy OTpUMAaHHS
JOJIATKOBUX CIIOCTEPEIKEHb.

KimrouoBi cioBa: immusinyasbhi: Auross, mpodisd
JIHIN, KPpUBA PaiaJIbHUX IIBUJIKOCTEH.

1. Introduction

The Algol-type binaries are semidetached interacting
binary systems in which the cool F-K III-IV secondary
star has expanded to fill its Roche lobe and is transfer-
ring material through a gas stream onto the hot B-A
V primary star (see Fig. 1).

As you know the prototype Algol type eclipsing bi-
naries systems star 3 Per, is a triple system. Until re-
cently, due to the weakness of the visible brightness of
the third component, the influence of this component
was not taken into account when modeling the light
curve and radial velocities of the 8 Per system. Only
in recent years, was it possible to build a satisfactory
model of this star as a triple system using observations
with many techniques and at many wavelengths.

The presense of the potential third component could
be indefinied with special features observed in the spec-
trum of short period Algol type binary star systems af-
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Figure 1: Scale model of an Algol-type binary system
showing the predicted path of the gas stream, the range
of spectral types, the spectral classes, and the lines of
sight for different orbital phases

ter the application of the echelle spectrograph in com-
binations with high sensitivity radiation receivers dur-
ing the observations. Currently the subclass of the
star is distinguished among the Algol type stars in
spectra of which similar features have been observed.
(Tomkin, 1978; Tomkin, 1979 Tomkin, 1981; Tomkin,
1983; Tomkin, 1985; Tomkin, 1992; Francis,Tomkin,
1982).

At the Shamakhy Astrophysical Observatory named
after N.Tusi is conducting a spectral study project of
Algol-type stars from this subclass. Spectral observa-
tions will be carried out at the Cassegrain focus of 2-m
telescopes of the Shamakhy Observatory over a period
of time of the orbital period on a fiber-optic echelle
spectrograph SHAFES, using a CCD matrix with a
spectral resolution of R = 28000 and 56000 (Mikailov,
2020).

The following stars have been preliminary selected:
6 Librae; U Sagittae; U Cephei; A Tauri; EK Cephei;
R Canis Majoris; V505 Sagittarii.

This paper presents preliminary results of spectral
observations of two Algol-type stars belonging to this
subclass: § Lib and U Sge.

2. Observations and data processing

Spectral observations of the stars: ¢ Librae and
U Sge were carried out at the Cassegrain focus of
the 2-meter telescope of the Shamakhy Astrophysical
Observatory named after N.Tusi, on the fiber echelle
spectrograph ShaFES (Shamakhy Fiber Echelle Spec-
trograph) (Mikailov, 2020), using a CCD matrix, with
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Figure 2: Primary and secondary components radial
velocity curves of the § Lib star Algol type binary
system. Primary component full circles: black —
Tomkin J., 1978 (date 1977); red — Baksh V., 2006
(Ondrejov, date: 1996, 1997 and 2003); blue — Baksh
V., 2006 (Rozhen, date: 1996, 1997 and 2003); ma-
genta — ShAO + Czech (He, this work); olive — ShAO
+ Czech (Hp, this work); Secondary component full
rectangles: black — Tomkin J., 1978 (date 1977); red —
Baksh V., 2006 (Ondrejov, date:1996, 1997 and 2003);
blue — Baksh V., 2006 (Rozhen, date: 1996, 1997 and
2003).

a spectral resolution R = 28000, in the wavelength
region AX 3900-7500AA, in the years 2020-2023.
Processing of echelle 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.html).

3. Results of observations

0 Librae (HR 5586, HD 132742, HIP 73473) is one of
the nearest (=90 pc) Algol systems a close, interacting
binary made of AOV + KOIV stars with V = 4.9 mag
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 Roche lobe. Mass is being transferred from
star B (the mass-donor) to star A (the mass-gainer).

Fig. 2 shows the radial velocity curve of the main
and secondary components of the binary system § Lib:
Ha and HB are our measurements, others are borrowed
from publications data. Phases computed with Koch’s
(Koch, 1962) ephemeris:

JD[Pr.Min.| = 2422852.3598 + 2.32735297F

U Sagittae (U Sge, HD181182): periods P=



54

Odesa Astronomical Publications, vol. 37 (2024)

200

100

-100

Radial Velocity (km/S)

-200

-300 I 1 1
0.0

Phase

Figure 3: Velocity curves for the primary and sec-
ondary components of the U Sge Algol type binary sys-
tem. Primary component full circles: black — Pqg
(Tomkin, 1978); red — Hae (ShAO); blue — HB (ShAO).
Secondary component full rectangles: dark — DNal;
red — Call; blue — Mgl. (Tomkin, 1978)

3.381days, magnitude V=6.3 — 8.9, spectral types B7.5
(Pr.) — G4 III-1V (Sec.) or B8V (Pr.) — G2 III-1V
(Sec.), orbital inclination 89", Vo = —10 km/s, HJD
min = 2440774.4856 (Olson, 1987).

Papameters: Primary component: M = 5.7 Mg, T
= 12500 K, R= 4.20 Ry;

Secondary component: M = 1.9 Mg, T = 5500K,
R=5.50 Rg.

Fig. 3 shows the radial velocity curve of the primary
and secondary component of the U Sge binary system:
Ha and HB are our measurements, others are borrowed
from publications data.

Orbital phases were calculated based on the
ephemeris:

JD[Pr.Min.] = 2442207.8444 + 3.3806205F

borrowed from (Tomkin, 1979).

During the period of our spectral observations, both
components of the KCall resonance line are observed in
the USge spectrum — interstellar (IS) and circumstellar
(CS). Radial velocities (IS) of the KCall component
average (—23.6 km/s) in the phase range 0.1 — 0.5 and
(-15.6 km/s) from 0.6-0.9. Fig. 4 shows the profiles
of the KCall line at close values of orbital phases on
U Sge Algol type binary system. The radial velocities
of the circumstellar (CS) and/or stellar components
of the KCall line correlate with the Ha line. Fig. 5
shows example the profiles Ho and KCall lines in USge
of Algol type binary star spectrum.

The fragments of Ha line region for 0.18, 0.19 and
0.62, 0.75 values of 4 Lib binary system’s orbital phases

have been displayed on Fig. 6. As you see, the ab-
sorption element (depression) is being observed in the
direction towards red of the Ha line at values 0.18 and
0.19 and towards violet at values 0.62 and 0.75.

As seen from the radial velocity curves provided at
the Fig. 2 the lines of the secondary component of
the system are not visible at the phase values 0.4 —
0.6 (Ondrejov and Roshen) or 0.35 — 0.7 (Tomkin). As
observed, this phase interval corresponds to the period
of the secondary component’s eclipse (see Fig. 2).

Based on our measurements of the radial velocities
of the lines Ha and HB and using published data, the
radial velocity curves of both components of the U Sge
system were constructed (Fig. 3).

In some phases of the orbital motion of the U Sge
binary system, an absorption detail (depression) is ob-
served on the red and blue wings of the line Ha.

Value of phases about 0.8 in the blue and about 0.3
the red wing of the absorption line Ha an additional
absorption detail appears. As observed, phase interval
[0.3 — 0.7] corresponds to the period of the secondary
component’s eclipse (see Fig. 6).

Fig. 6 shows for example fragments of Ha line
region with additional absorption detail. Phase 0.05
corresponds to the eclipse of the primary component.

4. Conclusions

The radial velocity curves of both components of the
¢ Lib and U Sge systems were constructed based on our
measurements of the radial velocities and are borrowed
from publications data.

An absorption detail (depression) is observed on the
red and blue wings of the Ha line in certain phases of
the orbital motion of the binary systems ¢ Lib and U
Sge. An additional absorption detail appears for § Lib,
at the orbital phases 0.18 and 0.19 in the red and at
0.62 and 0.75 in the blue wing of the absorption line,
while for U Sge in value of phases about 0.3 in the
red and about 0.8 the blue wing of the absorption line
Ha. As inferred from Figs. 2 and 3, these phase inter-
vals correspond to the eclipse period of the secondary
component.

Thus, we are suggesting that this observational fact
could indicate the presence of the third component in
the system.

At the same time, we do not exclude alternative hy-
potheses that leads to similar physical conditions:

1. The H line are visible on the secondary compo-
nent at the beginning and the end of eclipse.

2. The McLaughlin—Rossiter effect is rarely observed
in Algol-type binaries systems.

All three hypothesis are the discussion topics of
the Algol type binary system research. As more
observation material is acquired, all three hypotheses
will be widely researched and evaluated.



Odesa Astronomical Publications, vol. 37 (2024) 55

"Illl'l'l"'l' 'l'lll'l'll""'l

Relatie Intensity

Relative Intnsity

——10.08.2023 (¢=0.48

— = ——09.08.2023 (¢=0.22)
18.07.2022($=0.73)

——21.07.2023 ($=0.59) Eggﬁ —— 16.07.2022 (4=0.14)
——07.08.2023 (4=0.63) & - ——17.07.2022 (¢=0.4)

——22.07.2023 (4=0.89)

-300  -200  -100 0 100 200 300 .300 -200 -100 0 100 200 300
Vr(km/s) Vr(km/s)

Figure 4: The profiles of the KCall line at close values of orbital phases on U Sge of Algol type binary system
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Figure 5: Example the profiles of the Ha and KCall lines at close values of orbital phases on spectrum USge
system
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Figure 6: Examples from the fragments of Ha line region at the spectrum § Lib and U Sge systems
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