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ABSTRACT. The results of the study of orbital
spectral variability due to binary nature of the sym-
biotic star AG Peqasi are presented. We used high-
resolution spectra (R = 28,000) taken by 2-m telescope
of the Shamakhi Astrophysical Observatory during
2016-2019, and medium-resolution amateurs’ spectra
(R = 9,000-11,000) taken from the Astronomical Ring
for Access to Spectroscopy (ARAS) database obtained
during 2020-2024. The system’s orbital period is ap-
proximately 815 days, and its spectral changes are cor-
related with this period. In this paper we present the
radial velocity curve of the cold component (M3III), as
well as the emission lines Ha, HS3, and the Hell lines
M686 A and A5412 A formed around the hot compo-
nent of the AG Peg system, constructed according to
our measurements. We determined the mass function
of the cool component, f; ~ 0.023 M.
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AHOTATIIA. [IpeacraBiieHO pe3yabTaTH JOCTI IZKEHHS
OpOITAIBHOT  CIIEKTPAIbHOI 3MIHHOCTI, 3yMOBJIEHOL
mo/BiftHOI0 mpupojoo cumbiormanol 30pi AG  Pe-
gasi. Bnaciiiok B3aemo/il rapsdoro 6isloro KapJimka
Ta XOJIOJIHOTO TiraHTa CIOCTEPIralOTHCA IePIOAUtIHI
3MIHM TIPOMEHEBUX IIBUIKOCTEH $K abCOpOIiiHIx
JIIHIM XOJIOJIHOTO TiraHTa, TaK i eMiciiHuX JIiHii, 110
dOPMYIOTHCS TTOOTUIY TAPSTIOrO KOMIOHEHTA.

Y maHoMy [IOCTIIKEHHI BHKOPHCTAHO JBa HaOOpH
CIIEKTPAIBHAX CIIOCTEPEKEHD. [lepmmuit mabip —
16 cnekTpiB, orpumanux y dokyci Kaccerpena 2-
MerpoBoro tejeckomna [IlamaxuHCbKOI acTpodi3ndHOT
obcepsatopii imeni H. Tyci na BosloKOHHOMY erresb-
cuexrporpadi (ShAFES) 3 pozaiibhoio 3parmicrio R
= 28 000 y 2016-2019 pokax. [pyrumit Habip — 25
CIeKTpiB, 3amo3umdeHux i3 Oasum ganux ARAS Spec-
tral Database, orpumanux y 2020-2024 pokax i3
pozaiiabHOI 31aTHicTIO 9 000-11 000.

OpO6iTaspHuil IEPIOJ] CUCTEMU CTAHOBUTH ITPUOJIM3HO

814 ni6, i cmekTpajbui 3Mminm  cucremu AG
Peg xopemorors i3 mmMm  mepiomom. Y  pobori
[pEJCTABJIEHO  KPUBY  HPOMEHEBUX  IIBUIKOCTEI

XOJIOZIHOT'O KOMIIOHEHTa (30pi CIEKTPAJIHOIO KJIACY

M3III), a rtakox Jinil BunpominioBanus Ha, Hf i
Hell M686 A rta A\5412 A, mo dOPMYIOThCST HABKOJIO
rapstaoro komnonenTa cuctemu AG Peg, mobynosani 3a
pe3ysbraTaMu Hamux BuMipioBanb. MacoBa dyHKIlisS
XOJIOTHOTO KOMITOHeHTa cuMbioTmyanol cucremu AG Pe-
gasi OyJa oliHeHa 3a KPWBOIO IMIBUIKOCTEl T€PBOHOTO
riraara: f; 0,023 M©.

ITobymoBaHO KpuBY NpOMEHEBUX IIBUIKOCTEH 1
BU3HAYEHO OpOITaJbHI eeMeHTH s 30pi kiacy M
y cucremi AG Peg: wmakcumasibai Ta MiHIMAJIbHI
3HadeHHs opbiTampamx mBuikocTelr 3o0pi M3IIT —
v(max) = -10,72 km/c, v(min) = -23,65 KM/c;
MIBUJIKICTH TIEHTPA MAC CUCTeMHU (Y-IIBUJIKICTB): V, =
-17 KM/c; MBHIKOCTI B HEPULEHTPI Ta ANOIEHTPI:
vp = 6,65 km/c, va = 6,28 km/c. Ekcuenrpucurer
opbitu: e ~ 0,027. assini = 7,2-107 km =~ 0,48 a.u. =~
103R.

KuarouoBi cioBa:  cuMmbioTwmyHa 30psi, MOABIIHA
CHUCTEMA, CIEKTPOCKOTIisi, TIPOMEHEBA MBUJIKICTb.

1. Introduction

Symbiotic stars are the most interesting, because
they host the white dwarf (WD), which may be progen-
itors to Type Ia supernova explosions (Munari U. 1994;
Boffi F.R et al. 1994). The symbiotic system consists
of two completely different types of stars that inter-
act: A cold red giant (RG in some cases yellow) and
hot compact star, most frequently a WD. By studying
symbiotic stars, we simultaneously study 3 different
types of space objects:

1. Red giant

2. White dwarf and accretion disk

3. Star environment gas and dust nebula.

In systems of this type, a powerful flow of matter
occurs through the stellar wind from a cold star, and
an accretion disk is formed around a hot compact star.
Symbiotic stars can reflect a transitional stage in the
evolution of several types of double systems with a
powerful flow of matter from a large-mass star to a
small-mass star (Munari, 1994; Boffi et al., 1994).

The system AG Peg (HD 207757) is the oldest known
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symbiotic nova (Boyarchuk, 1967). The symbiotic star
AG Peg is a binary system that consists of a more mas-
sive M3 III RG and a less massive hot WD surrounded
by nebulous gas.

a) massive RG star: spectral type MIII, mass — 2.6
Mg, radius — 85Rge, luminosity — 1100 Lg, eff. tem-
perature — 3650 K.

b) dwarf (WD) star: mass — 0.65 Mg, radius — 0.06
Re, luminosity — (1180-2400) Ly, eff. temperature —
(95000-168000) K. (Kenyon et al., 1993; Fekel et al.,
1985; Skopal, 2005; Sion et al., 2019; Skopal et al.,
2017; Murset & Schmid, 1999).

The orbital period of AG Peg, according to published
data, is (812-818) days (Kenyon et al., 1993; Fekel et
al., 2000; Fernie, 1985).

Based on the AAVSO data for the period 1954-2022,
a periodicity in the star’s bright changes was identified,
with a period of about 815 days. (Mikailov et al., 2023).

The recent major outburst occurred in 2015, which
is the second major one since the first major nova out-
burst in 1850 (see: Kenyon et al., 2001; Ramsay et
al., 2016; Tomov et al., 2016; Skopal et al., 2017).
The analysis of the observations carried out in differ-
ent spectral regions during the past years, model of this
system — a stage of colliding winds. For the first time
this model was proposed by Penston & Allen (1985) on
the basis of three IUE high resolution spectra. Since
the cool giant also loses mass through a stellar wind, it
was concluded that the two winds probably interact. A
model of winds in collision was proposed also by Tomov
N.A. (1993Db) on the basis of profiles, fluxes and radial
velocities, derived from homogeneous high dispersion
spectral observations in the visual during two consec-
utive orbital cycles (Tomov & Tomov, 1992; Tomov,
1993a).

The star AG Peg belongs to the subclass of sym-
biotic novae. Only eight nova-like symbiotic stars
are currently known. During an outburst, the visible
brightness of these stars reaches a very high value,
and they maintain their brightness at such an elevated
state for tens, sometimes hundreds of years. Powerful
shock waves generated during flares heat the sur-
rounding plasma to temperatures of (107-10%) K and
these regions become sources of emission lines with
different degrees of ionization. In the spectrum of
the star AG Peg, along with coronal lines FeX, FeXI,
[NiXV], forbidden lines [NII], [OII] and Balmer lines
of hydrogen are observed.

2. Observations and data reduction

Two sets of spectroscopic observations were used in
the present study. The first set 16 spectrum were car-
ried out at the Cassegrain focus of the 2-m telescope of
the Shamakhi Astrophysical Observatory named after
N.Tusi, on fiber echelle spectrograph (ShAFES) with

the spectral resolution of R = 28000, in 2016-2019 years
(Mikailov et. al., 2020), the second set 25 spectrum
borrowed from the ARAS Spectral Database, obtained
in 2020-2024 with 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
(Galazutdinov, 1992).

3. Results of observations

Due to the orbital motion of the hot WD and the RG,
periodic variations in the radial velocities of the ab-
sorption lines of the RG and the emission lines formed
around the WD are observed. The system’s orbital pe-
riod is approximately 815 days (Mikailov et al., 2023),
and its spectral changes are correlated with this pe-
riod. In this paper we present the radial velocity curve
of the cold component (M3III), as well as the emission
lines Hoy, HA, and the Hell lines AM686 A and \5412 A
formed around the hot component of the AG Peg sys-
tem, constructed according to our measurements. The
mass function of the cold component of the symbi-
otic AG Pegasi system was estimated from the velocity
curve of the red giant.

Fig. 2 shows the radial velocity curve of the cool
component of the star AG Peg constructed on the basis
of the average values of the measured absorption lines
of the star M3III.

The measured heliocentric radial velocities of more
than thirty pure (unblended) absorption lines of met-
als (Fel, Cal, Crl, Til) in the length range of AA5000-
8000 A were used.

The results of determining the spectral parameters
of RG are presented in Table 1. This table also con-
tains similar data from other authors. Since the spec-
tral lines of only one component of the star AG Peg
are observed, we cannot determine the masses of both
components but can only estimate the mass function
and ajsini.

Figures 3-5 shows the radial-velocity curves for emis-
sion lines: Hell M686 A, A\5412 A; HI Ho and Hf as
well as forbidden lines 4363|OI11], 5721 [FeVII] in spec-
trum of the star AG Pegasi compared to the M star.

In Fig. 5, when constructing the radial velocity
curves of forbidden lines, the radial velocity values were
used: at half maximum intensity - FWHM (Full Width
at Half Maximum) and at the level of maximum inten-
sity and were designated as, for example, [OIII]1/2 and
[OI1T]peak.

The change in the radial velocities of the Hell emis-
sion lines occurs in antiphase with the changes in the
radial velocities of the absorption lines of the cold gi-
ant (Fig. 3). Apparently, the He II emission lines are
formed in the close vicinity of the hot component.
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Table 1: Spectral orbital parameters for RG star
maximum of orbital velocity -10.72 km/s
minimum of orbital velocity -23.65 km/s
velocity at periastron 6.65 km/s
velocity at apastron 6.28 km/s
orbital eccentricity ~ 0.027
semi amplituda of the velocity change (K) 6.46 km/s
arsini = 1.376-10°K, P-(1 — ?)1/2 ~ 7.2:107 km
mass function: f;= 1.038-1077 K;2-P(1 — €?)3/2 0.023 Mg
E
]
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Figure 1: Based on the AAVSO data for the period 1954-2022, periodicity in the star’s brightness changes was
identified, with a period of about 815 days (Mikailov et al., 2023).

The behavior of the HI Hea, HB and 5721 [FeVI]]
lines is similar to the Hell lines (Fig. 4-5). The change
in radial velocities of the forbidden lines 4363[OIII] dif-
fers from these lines (Fig. 5). Apparently, this line is
formed by a gas flow from a hot component near a cold
component.

Based on the radial velocities and intensities of the
He II emission lines and the hydrogen Balmer lines in
the spectrum of AG Pegasi, one can determine the
regions where these lines are formed. The line half-
widths allow us to estimate the distances of these re-
gions from the hot component (the white dwarf). The
width of a spectral line reflects the maximum velocity
of the gas emitting it. Assuming that the gas is grav-
itationally bound to the white dwarf and moves in a
Keplerian orbit, its velocity is given by

v = (GM/r)!/?

where G is the gravitational constant, M is the mass
of the white dwarf, and r is the distance of the line-

formation region from the white dwarf.
Hence,

r = GM/v?

The velocity v is inferred from the measured line width.
Two width parameters are commonly used:
a) FWHM (Full Width at Half Maximum):
gives the characteristic velocity of the gas.
b) HWZI (Half Width at Zero Intensity):
the line wings trace the fastest (innermost) gas, so

Vimazr ~ HWZI
r ~ GM/vZ,00

Thus, comparing the widths of He, He II 4686, and [O
II1] lines makes it possible to reconstruct the structure
of the circumstellar environment and estimate the
distances to different emitting regions.
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Figure 2: Radial velocity curve for the M3 III
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Figure 3: Radial-velocity curves for emission lines Hell
M686 A and A\5412 A compared to the M star. Figure 5: Radial-velocity curves for the M3 III star and

the forbidden lines 4363[|OIII] and 5721 [FeVI]]
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4. Conclusions

Radial velocity curve was constructed, and orbital
elements were determined for the M Star in AG Pegasi:

e Maximum and minimum values of orbital velocities
of the star M3III v(max) = -10.72 km/s, v(min) = -
23.65 km/s

e Velocity of the center of mass of the system (-
velocity) Vy & -17 km/s

e Velocity at periastron and at apastron va = 6.28
km/s, vp = 6.65 km/s

e Orbital eccentricity, e &~ 0.027.; Period of the sys-
tem: P ~ 815 d.

e a;sini = 7.2:107 km ~ 0.48 a.u. ~ 103Ro. Mass
function: f;=0.023 M®

e The results of comparative behavior of absorption
and emission lines in the spectrum of the symbiotic
system AG Pegasi are presented.
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