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ABSTRACT. This paper includes the results of
the studies of the orbital variability of the emis-
sion and absorption components of the Ha line of
the eclipsing symbiotic system EG And. We used
medium-resolution amateurs about 30 spectra (R =
9,000-11,000) taken from the Astronomical Ring for
Access to Spectroscopy (ARAS) database obtained
during 2020-2025. Radial velocity curves of the
cool component were derived from the mean of the
measured radial velocities of selected absorption lines
forming in the atmosphere of a M-type red giant.
The system’s orbital period is approximately 483.3
days (Kenyon & Garcia, 2016). It is assumed that
the emission lines, and in particular the Ha line,
are formed in the vicinity of a hot white dwarf. We
have established that the intensity of the emission
component of the Ha line has the greatest value at
an orbital phase of about 0.5 (corresponding to the
eclipsing of the cold primary component by the white
dwarf) and the lowest at about 0.1 (the red giant
eclipses the hot secondary component and the region
of formation of strong emission lines), and an average
at about a phase of 0.8.

Keywords: symbiotic star, binary star, spectroscopy,
line profile, radial velocity curve.

AHOTAIIIA. VY pgamiit  pobori mpeicTaBjieHO
pe3yJbTaTH  JOCIKeHb — OpOiTaJibHOI  3MIHHOCTI
eMiciitaux Ta abcopOriiinux kommoHeHTiB JiiHIT Ha
y 3aremueniit cumbiornuniit cucremi EG And. g
JocyIiKenHs 0y10 BukopucTtano 6sm3bko 30 crekTpiB
i3 6asu manmx ARAS Spectral Database. Ili criekTpu,
orpuMani B mepiom 3 2010 mo 2025 pokm, MamTh
CIeKTpaIbHy po3autbHy 3maTHicTh 9 000-11 000. Kpusi
IIPOMEHEBUX IIBUJIKOCTEH  XOJIOMHOTO KOMIIOHEHTA
OOYIOBAHO HA OCHOBI CEpEIHIX 3HAYEHL BUMIPSIHUX
MIPOMEHEBUX IMBUIKOCTEN OKpeMux abCOpOIiitHmx
giHift, 1Mo GOPMYIOThCA B aTMocdepi UepBOHOTO
riraata  crnekrpajgbHoro tumy M.  OpbGitaabHuit
mepiojl CUcTeMu CTaHOBUTH npubaun3Ho 483,3 mobwu.
Ilepembagaerncss, 1m0 ewmiciitmi  JimHil, 30Kpema

mirig Ho, dopMmytoThes mobau3y rapsdoro 06ioro
KapJnKa. BcTaHOBJIEHO, IO IHTEHCUBHICTH eMicCiitHOro
kommoHenTa, il Hoa mocsirae HalbLIBIIOrO 3HAYEHHS
upu opbitanbhiil dasi Gausbko 0,5 (w0 Bimnosinae
3aTEMHEHHIO XOJIOAHOIO IEPBUHHOTO KOMIIOHEHTA,
6liIMM KapJIMKOM ), MiHiMasbHOro — 1pu ¢dasi 61mu3bKo
0,1 (kosm 4YepBOHWII TIiraHT 3aTEMHIOE TapsIIHil
BTOPDUHHMI KOMIIOHEHT 1 o00jacTb (OpMYyBaHHS
CUIbHMX eMicifinux Jiiniit), Ta cepeanboro — mpu ¢asi
6am3bKo 0,8.

Kuro4oBi ciioBa: cuMmbioTudHa 30psi, MOBiHiHA 304,
CIIEKTPOCKOIIisl, TMpodiib JIHII, KpUBa ITPOMEHEBUX
HIBUJIKOCTEN.

1. Introduction

A symbiotic star is a special type of binary star sys-
tem in which two vastly different kinds of stars coexist
and interact in a way that resembles biological symbio-
sis. The term was introduced in 1941 by Paul Merrill,
who borrowed the word from biology, where “symbio-
sis” describes the living together of different organisms
as a single unit. In astronomy, the analogy applies
because the two stars, though extremely different in
physical properties, are bound together gravitationally
and share material and energy in a complex, interde-
pendent relationship.

A typical symbiotic system consists of:

A cool red giant (RG) — a large, luminous star in
the late stage of its evolution. In some cases, instead
of a red giant, a yellow giant is present. These stars
have exhausted hydrogen in their cores, expanded enor-
mously, and have cool outer atmospheres. They lose
mass through a slow but dense stellar wind driven
by the RG radiation and/or pulsations, ejecting vast
amounts of gas and dust into surrounding space.

A hot compact companion — a white dwarf — the
dense, Earth-sized remnant of a Sun-like star. The
white dwarf has an extremely high surface tempera-
ture, often exceeding 100,000 K, and strong ultraviolet
radiation. It can pull in matter from the red giant
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through an accretion disk, a rotating structure of cap-
tured gas spiraling toward the white dwarf.

The entire system is embedded in a cloud of ionized
gas and dust, formed from the red giant’s stellar wind.
This nebula glows because the intense radiation from
the hot white dwarf ionizes the gas.

The interaction is dynamic: the red giant continu-
ously loses material, and part of this gas flows toward
the white dwarf, either directly or via an accretion disk.
The gravitational capture of this material can trigger
bursts of activity, such as nova-like outbursts, when
the accumulated matter on the white dwarf’s surface
undergoes thermonuclear burning.

Studying symbiotic stars is scientifically valuable be-
cause each system is essentially a natural laboratory
containing:

A red giant, representing the late stage of stellar evo-
lution for Sun-like stars.

A white dwarf and accretion processes, illustrating
mass transfer and disk physics.

A circumstellar nebula, providing insights into gas
dynamics, ionization, and dust formation in binary en-
vironments. Because of their complexity, symbiotic
stars are important for understanding binary star evo-
lution, stellar winds, nova eruptions, and the chemi-
cal enrichment of the interstellar medium. They also
help astronomers study how matter behave under ex-
treme temperatures, densities, and radiation fields — all
within a single, gravitationally bound cosmic partner-
ship (e.g., Kenyon,1986; Mikolajewska, 1997).

EG And (HD 4174) is a low excitation eclipsing sym-
biotic star with no recorded outbursts. The binary
system consists of a white dwarf that ionizes part of
the neutral wind from the red giant. The presence of
both ionized and neutral regions in this binary, along
with its high orbital inclination, is favorable for ob-
serving variations in the parameters of spectral line
profiles depending on the orbital motion of the system.
This facilitates determining, and — over time, as high-
precision observational data accumulate — refining the
orbital elements of the EG And binary system (Munari,
1993).

The optical spectrum of EG And exhibits optical
emission lines of HI, [OIII], and [NelII] superimposed
on the absorption spectrum of an M-type star. Pho-
tometric and spectroscopic observations of EG And
have revealed orbital periods of 481-483 days (Skopal
et al., 1991; Munari, 1993; Fekel et al., 2000; Kenyon
& Garcia, 2016). At optical minimum, the red giant
eclipses the hot secondary component and the strong
emission lines. Using optical and infrared absorption
lines, the orbital parameters of the EG And binary
have been reliably determined. Nevertheless, to this
day, the question of whether the optical variability
is caused by ellipsoidal changes, by illumination of
the red giant’s photosphere, by the stellar wind,
or by colliding with winds from the primary and

Table 1: . Radial velocities [km/s| of absorption lines
formed in the atmosphere of the red giant in the sym-
biotic EG And system, based on our 29 spectra. Phase
calculated using the ephemeris data in Section 2.

Date JD2450000+  Phase Rv abs
01.09.2010 5440.5808 0.81538 -100.88233
12.02.2011 5605.2755 0.15615  -89.67833
09.08.2012 6148.5650 0.28028  -89.09367
22.08.2013 6529.5689 0.06241  -88.80767
21.08.2015 7256.434 0.57258  -99.29667
08.10.2015 7304.381 0.67178 -101.23733
27.09.2015 7293.392 0.64905 -100.47033
01.10.2015 7297.428 0.6574  -103.35867
23.07.2016 7592.501 0.26794  -88.15867
06.08.2016 7607.492 0.29895 -89.214
09.09.2016 7641.412 0.36914 -91.663
03.10.2016 7665.359 0.41869  -95.97233
02.09.2017 7999.441 0.10994 -88.96067
19.09.2017 8016.352 0.14493  -89.77867
25.10.2017 8052.413 0.21954  -88.11467
15.11.2018 8437.545 0.01642  -90.06667
22.01.2020 8871.263 0.91383  -94.82133
18.09.2020 9111.336 0.41057 -96.139
22.10.2020 9145.321 0.48089  -99.01733
03.11.2020 9157.343 0.50576  -96.92733
28.12.2022 9942.404 0.13014 -87.427
04.10.2023 10222.313 0.7093  -102.83333
13.11.2023 10262.3252 0.79209 -100.626
17.11.2023 10282.7 0.80046  -98.83167
14.12.2023 10293.3 0.85618  -96.81633
17.01.2024  10327.3328 0.9266 -93.772
28.02.2024 10369.392 0.01362 -92.774
04.12.2024 10649.262 0.5927  -100.44567
03.02.2025 10710.338 0.71908 -102.10133

secondary components remains a subject of discussion
(Shagatova, Skopal, Sekeras et.al., 2019).

2. Observations and data reduction

About 30 spectra from the ARAS Spectral Database
were used in this research. These spectra were
obtained between the year 2010 to 2025 have
spectral resolutions of 9000 - 11000 (https://aras-
database.github.io/database/).

The reduction of echelle spectra was carried
out according to the standard technique using the
new version of the DECH 30 program developed
by Galazutdinov (http://www.gazinur.com/DECH-
software.html).

3. Results of observations

The spectral observation data are presented in ta-
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Figure 1: Radial velocity curve for the M star in EG And.

blel. Radial velocity curves of the cool component were
derived from the mean of the measured radial velocities
of selected absorption lines forming in the atmosphere
of a M-type red giant (tablel, Fig.1). For calculation
of the orbital phases of EG And we adopt an ephemeris
of (Kenyon & Garcia, 2016):

JD spectros. conj.=2450213.508 +483.3xE

Moment of zero phase = moment of inferior conjunc-
tion of the giant ( spectroscopic conjunction, i.e. when
the giant is in front of the white dwarf)

Velocity of the center of mass of the system (y-
velocity): Vy & -95 km/s.

Based on the available spectra, the profiles of the
Ha line in the spectrum of the star EG And were con-
structed. In order to study the possible dependence of
the Ha line emission intensity on the orbital phase of
the EG And system, the profiles were grouped accord-
ing to phase.

It is assumed that the emission lines, and in partic-
ular the Ha line, are formed in the vicinity of the hot
white dwarf. It has been established that the intensity
of the emission component of the Ha line reaches its
maximum value at an orbital phase of about 0.5.

This phase corresponds to the moment when the
white dwarf eclipses the cool primary component of
the system, creating the most favorable conditions for
observing the enhanced radiation.

The lowest intensity of the line is observed at a
phase of about 0.1, when the red giant obscures the hot
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Figure 2: Profiles of the Ha line around the superior
conjunction of the red giant in EG And (orbital phase
0.5).

secondary component together with the region where
strong emission lines are formed. At this moment,
a significant part of the radiation is blocked by the
giant’s envelope, and the lines weaken noticeably. The
average intensity of the line is recorded at approxi-
mately phase 0.8, reflecting an intermediate state of
the system, when neither of the components com-
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Figure 3: Profiles of the Ha line around the orbital
phase 0.8 of the symbiotic system EG And.

pletely covers the key emission-forming regions. Thus,
variations in the intensity of the Ha line are closely
related to the orbital geometry and the interaction
processes of the components in the symbiotic system,
confirming that its source is the hot white dwarf
and the surrounding gaseous material. (Figs.2—4).
In fig. 2-4, the vertical dotted line at the gamma
velocity demonstrates the variation radial velocity of
the absorption component in the Ha line profile. The
solid horizontal line corresponds to the continuous
spectrum level. The behavior of the Ha line in the
spectrum of the symbiotic star EG And in different
eclipse phases is in good qualitative agreement with
similar profiles in the work (Shagatova et al., 2019).

4. Conclusions

This paper includes the results of the studies of the
orbital variability of the emission and absorption com-
ponents of the Ha line of the eclipsing symbiotic system
EG And:

1. Radial velocity curves of the cool component were
derived from the mean of the measured radial velocities
of selected absorption lines forming in the atmosphere
of an M-type red giant. The system’s orbital period is
approximately 483.3 days.
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Figure 4: Profiles of the Ha line around the inferior
conjunction of the red giant in symbiotic system EG
And (orbital phase 0).

2. We have established that the intensity of the
emission component of the Ha line has the greatest
value at an orbital phase of about 0.5 (corresponding
to the eclipsing of the cold primary component by
the white dwarf) and the lowest at about 0.1 (the red
giant eclipses the hot secondary component and the
region of formation of strong emission lines), and an
average at about a phase of 0.8.
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