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ABSTRACT. Symbiotic star CH Cyg is very
different from other members of this group by the
behavior of its photometric and spectral parameters.
CH Cyg also belongs to a small subgroup of symbiotic
stars in spectra where the high velocity absorption
components have been observed — so called “Jet
Absorption Structures” in the Hydrogen lines from the
Balmer series. In this paper, the behavior of these jet
absorption structures in Ha and H lines in the spec-
trum of the symbiotic star CH Cyg during 18 nights
from July to September of the year 2015 is described.
Spectra has been obtained at the Cassegrain focus
of the 2-meter telescope at Shamakhy Astrophysical
Observatory with the help of echelle spectrograph
with spectral resolution of R = 14 000. This paper
also provides the profiles of the Ha and HS lines
with absorption components on the blue wing. Based
on the depth and the appearance, the absorption
components have changed significantly and the short
wavelength boundary reaches velocities of near 2500
km/s. The depth of absorption component on Ha is
considerably less than the one at HS.

Keywords: symbiotic star — CH Cyg; echelle spectra;
line profile; Jet Absorption Structures.

AHOTAIIIA. Cumbioruuna zops CH Cyg 3mauno
Bipi3HaAEThCA  BiA IHmMAX  WiIeHIB 1Ii€]l  Trpynn
MOBEIIHKOI0  (POTOMETPUIHUX 1  CIHEKTPATHHUAX
rapaMerpis. CH Cyg Takoxk HaJEXKUTh JI0
HEBEJUKOI TiArpynu CUMOIOTHYHHMX 3ip, B CIEKTPax
AKUX CIOCTEPIraloThbCAd KOMIIOHEHTH, TaK 3BaHi
Jet crpykTypm mnornmmHamas B Jinigx [igporemy
cepil Baabpmepa. 3 icropii doromeTpuIHOTO
BUBYEHHS TIIi€l 30pi BijjoMO, 10 TOYWHAYU 3
1967 poky Oyso 3adikcoBaHO KiJibKa MOMEHTIB 1T
doromeTrprdHOl aKTHUBHOCTI.  fK mpaBmio, y Iux
aKTUBHEX (Pa3ax CIIOCTEPIraeTbes OJIAKUTHE 3MIMEHHS
BHUCOKOIIBIIKICHUX a0COPOIIHIX KOMIIOHEHT B JIHIsIX
Tizporeny cepii Bambmepa, a inkosn, i B iHIMux JTiHigX.
[Tounnaroun npubsmsno 3 2010 poky sSCKpaBicTh 30pi
B U npoMmeHsix HOCTYIOBO 3OLIBIIYETHCS 1 BXKe [0
kiamst 2014 poky mocsrae mpubin3HO 7—8 30PSHOT
Besmunan. OIHOYACHO i3 CHHXPOHHUM 3POCTAHHSIM

sgckpaBocti B V 1 U mpomensax y 2014-2015 poxax
BiZOyBarOTHCst TTOMITHI pOTOMETPUYHI 1 CHEKTpaJbHI
3Miam. Y 1iit poboTi posrismacTbes moBeminka Jet
CTPYKTYp norimHanus B JiHisx Ha 1 HS 3 B crekrpi
CH Cyg nporsirom 18 Houeit (mpubimsro 50 mi6)
3 JymnHA 10 BepeceHb 2015 poxy.  CmekTpu 30pi
nporpaMu  Oyjd OTPHUMaHI Ha TEJECKOIl CHCTeMU
Kaccerpen 3 miameTrpoM TroOJIOBHOTO mA3epkajia 2 M
(ITamaxuncbka —acrpodizuuna obcepsaropis) 3a
JIOIIOMOT'OI0  eIlleJlyie  cieKTporpada 3 IIPOCTOPOBOIO
posainbHoio 3maTHicTIO R = 14000. ®oTtomerpudHo-
akTuBHa asa 30pi y 2015 pomi He myxKe CHIBHO
BIZpI3HSAETHCA BiJl TOMEpPEIHIX AKTUBHUX a3, aje
Taka pisnomaniTHicTe Jet cTpykTyp 3a dopmoio
i rimbunoro crocrepiraerscst Tinbku y 2015 porii.
Mu takoxx wmaBogumo mupodimi uminit Ha i Hf
3 abcopOIiiffHUMU KOMIIOHEHTAMU Y OJIAKUTHOMY
kpwri. [iubuna 1 30BHIMIHIA BUIJIS] KOMIIOHEHTH
MOTJINHAHHS CyTTE€BO 3MIHUJINCA 1 KOPOTKOXBUJIHOBA
Mexka Jocsrae  mBuakocti  6iamseko 2500 kM/c.
Tnnbuna ckiiamosol norymuandsg B jdinil Ho € 3uauno
MeHIo, HiK runbuaa JjiHil HS. Mu He 3Haiimum
3aJIe2KHOCTI  TVIMOMHU ~KOPOTKOXBUJILOBUX T'DAHUIIh
MIPOMEHEBOI MBUIKOCTI Jet CTPpyKTyp MOTJIMHAHHS Bif
OJIMCKY 30pi, a TaKOXK Bi/l BiHONIEHHS iHTEHCHBHOCTI
OJIAKUTHOI 1 IepPBOHOT eMiCiHHIX KOMIIOHEHT MpodiiB
BUINEBKA3aHUX JIiHiN cepil Baigbmepa.

Kirogosi
eleJijie CIeKTPHU.

cioBa: cumbiormuna 3o0pas CH Cyg:

1. Introduction

Symbiotic stars — binary star system the spectrally
resolved consisting of an interacting red giant and a
white dwarf surrounded by a nebula. In this system,
a strong flow of matter from the cold star to the hot
star occurs through the stellar wind, leading to the
formation of an accretion disk around the compact star.

CH Cyg star is a unique observational object, with
characteristics of spectral and photometric variability
that are very different from other symbiotic stars:

1. In 1984/85, the system showed a strong radio
outburst, during which a double-sided jet with multi-
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ple components was ejected (Taylor et al., 1986). This
event enabled an accurate measurement of the jet ex-
pansion with an apparent proper motion of 1.1 arcsec
per year. With a distance of 268 pc (HIPPARCOS)
(Crocker et al., 2001), this leads to a jet velocity near
1500 km/s. The spectral energy distribution derived
from the radio observations suggest a gas temperature
of about 7000 K for the propagating jet gas (Taylor et
al., 1986).

2. The photometric variability, such as flickering,
occur of the CH Cyg symbiotic system. The source of
these flickering’s is believed to be the accretion disk.
The disappearance of flickering’s after flashes is ex-
plained by the disintegration of the disk.

3. The cold red giant in the CH Cyg symbiotic sys-
tem pulsates with a period of 100 to 750 days, charac-
teristic of o Cet type stars. This pulsation affects the
accretion mode, resulting in more complex variations
in the system.

4. Recently, many researchers have proposed that
the 750-day periodic variation in the CH Cyg system
may be due to the presence of a third star rather than
pulsation. It is suggested that the 750-day period could
correspond to the orbital period of this third star in an
inner orbit of the symbiotic pair, which consists of the
red giant and the white dwarf, with a longer orbital
period of 5650 days.

5. One of the unique features of CH Cyg is its inclu-
sion in the small group of symbiotic stars for which jet
structures have been observed. "Jet Absorption Struc-
tures" have been detected in only 9 out of 220 stars cat-
aloged as symbiotic stars. CH Cyg, along with MWC
560, serves as a natural laboratory for study the unique
mechanism energy releaze due to the variety of shape,
spectral parameters of the observed jets.

Most researchers agree that the CH Cyg symbiotic
system consists of a pulsating red giant and a white
dwarf. Matter is accreted from the red giant to the
white dwarf, and the outflowing matter forms a disk
around the star. This system is surrounded by a com-
mon shell. The observed spectral and photometric
properties of this system are determined by the of the
interaction of these three components and the physical
accretion process.

This model, which has been sufficiently developed by
many researchers over many years, and in many cases
is in good agreement with observational results, is not
accepted by a number of researchers. They suggest
that there is a third star in this system. Although
the triple star hypothesis is generally accepted by a
number of researchers, there is no consensus on the
role played by the third star in the physical processes
taking place in this system. If a 3rd star is present,
its spectrum should be visible (in some phase) as the
red giant. Another interesting point is whether the
3rd star produced an eclipse, so far there have been no
observations signs of such an eclipse.

Two main periods were found in the variation of pho-
tometric and spectral parameters of the CH Cyg star: a
long period of 15.6 years (5400, 5600, 5800, 5900 days)
and a short period around 750 days.

1. According to the first model, the approximately
15-year period represents the orbital period of the bi-
nary system, consisting of the red giant and the white
dwarf, around their common center of mass. The short
period of 750 days is attributed to the pulsation period
of the red giant.

2. According to the second model, CH Cyg consists
of three stars: the 15-year period represents the orbital
period of the binary system, consisting of the red giant
and the white dwarf, around their common center of
mass. The short period of 750 days explained by the
presence of a third star moving in the inner orbit.

2. Observations and data reduction

The spectral observations of symbiotic star CH
Cyg have been performed at the Cassegrain focus
of 2-m telescope of Shamakhy Astrophysical Obser-
vatory. Echelle-spectrometer with the CCD array
(580530 pixels) was employed. The wavelength range
AA700-6800 AA, spectral resolution R = 14 000, dis-
persion 10.5 A/mm at Ha (Mikailov et al., 2005).
We used 18 echelle spectra obtained for the period
July—September 2015 (Table 1). Processing of echelle
spectrograms were performed using software package
DECH20T, developed at Special Astrophysical Obser-
vatory of RAS (Galazutdinov, 1992).

Data UT JD2450000+  Exposure
(day, month, year) hrs, min time, s
18.07.2015 19 32 7222.31 1200
24.07.2015 17 06 7228.21 1200
26.07.2015 17 05 7230.21 1200
27.07.2015 17 28 7231.23 1200
29.07.2015 17 05 7233.21 600
30.07.2015 16 51 7234.20 600
30.07.2015 17 09 7235.22 600
01.08.2015 16 43 7236.20 600
04.08.2015 16 51 7239.20 900
07.08.2015 17 24 7242.23 1200
10.08.2015 16 49 7245.20 1100
12.08.2015 17 42 7247.24 1000
13.08.2015 16 54 7248.20 900
16.08.2015 17 43 7251.24 900
18.08.2015 17 55 7253.25 1200
19.08.2015 18 10 7254.26 1200
03.09.2015 17 06 7269.21 1200
04.09.2015 17 40 7270.21 1200

Table 1: Journal of spectroscopic observation.

Fig. 1 shows the historical light curve of the star CH
Cyg in U and V magnitude for the period between the
years 1967 and 2015, taken from (Skopal, 2015a). As
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Figure 1: Historical light curve of the symbiotic star CH Cyg in U (dots, blue) and V (pluses, red), taken from

(Skopal, 2015).

can be seen from the figure, several episodes of pho-
tometric activity of the star were recorded during this
period (1984-1985; 1992-1995; 1998-2000; 2011-2015).
As a rule, blue-shifted high-velocity absorption compo-
nents are detected in these active phases in the lines of
the Balmer series of hydrogen and sometimes in some
other lines. Starting around 2010, the brightness of the
star in U light gradually increases slowly and reaches
a value of about 7™-8™ (Skopal, 2015a) at the end
of 2014. Along with the synchronous increase in U
and V rays, remarkable photometric (Rspaev et al.,
2014; Shugarov et al., 2015; 2008) and spectral (Rspaev
et al., 2014; Skopal, 2015b,c,d) changes occurring in
2014-2015 leave no doubt that CH Cyg is entering into
its next active phase.

Figure 2 shows the light curve in the visual region
of the star CH Cyg for the period of our spectral ob-
servations — in July—September 2015 (AAVSO data for
CH Cyg).

Vertical red lines indicate the time of spectral
observations. As can be seen from the figure, in
July—August the star’s brightness increases slightly
and at the beginning of September decreases again.

3. Results of observations

In 2015, during the spectral observations of the sym-
biotic star CH Cyg that has been conducted at the
Shamakhy Astrophysical Observatory, unique "Jet Ab-
sorption Structures" have been discovered for the first
time in the history of observations of this star. Dur-
ing the characteristic time of about 50 days, almost
all types of Jet Absorption Structures established in
symbiotic stars to date were observed.
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Figure 2: V light curve of the CH Cyg star in
July—September 2015. Vertical red lines indicate the
time of spectral observations

~
N

~
@

~
N

~

As can be seen from Fig. 1, the photometric active
phase of the star CH Cyg in 2015 does not differ too
much in appearance from previous active phases, but
such a diversity in the shape and depth of jet structures
absorptions was observed only in 2015.

The behavior of jet absorption structures in Ho and
HpS lines in the spectrum of the symbiotic star CH
Cyg during 18 nights from July to September of the
year 2015 is described. In Provides the profiles of the
Ha and HpS lines with absorption components on the
blue wing. Based on the depth and the appearance,
the absorption components have changed significantly
and the short wavelength boundary reaches velocities
of near —2500 km/s. The depth of absorption compo-
nent on Ha is considerably less than the one at HQ.
Figure 3 shows the profiles of the Ha and Hf lines in
demonstrates temporal variations for the jet absorp-
tion structure of Ha and HS lines in the spectrum of
the symbiotic star CH Cyg. Fig. 2 and Fig. 3 shows the
type and wavelength boundaries of the "Jet Absorption
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Figure 3: Temporal variations for the jet absorption structure of Ha and Hf lines in the spectrum of the

symbiotic star CH Cyg
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Figure 4: The selected profiles line H3, with the jet
absorption in the spectrum of the symbiotic star CH

Cyg

Structures" do not depend on the brightness state of
the star. Figure 4 shows selected characteristic profiles
of line Hf3, with the jet absorption in the spectrum of
the symbiotic star CH Cyg. Fig. 5 demonstrates that
the Hf line profiles with high-speed absorption compo-
nents (Jet Absorption Structures) are not normalized
to the continuum. According to this figure, the red
emission component of the HS line practically does not
react to the notable change occurring on the blue wing
of the line. Fig. 6 displays the time dependence of the
intensity ratios of the blue (V) and red (R) emission
components of the Ho and Hf lines. As inferred from

4900

Figure 5: The profiles HS lines with jet absorption
structure the superimposed one easer other, no nor-
malized at the continuum.

this figure and Fig. 3, the shape of the "Jet Absorption
Structures" does not depend on the V/R ratios either.

Our spectral observations only cover the Ha and
Hg lines from the hydrogen lines. Therefore, there is
no information about other hydrogen lines.The given
profiles of jet structures are a characteristic or av-
eraged profile obtained on a given night of observations.

4. Conclusions

In symbiotic stars, the matter for accretion onto the
compact object is supplied from the primary compo-
nent which is the red giant. However, not every sym-
biotic star is a source of jets. It is still unclear what
parameters this depends on. The velocity in the jets
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Figure 6: Variations of ratio V/R, for the intensities of
blue and red emission components of Ho and Hf lines
in the spectrum of CH Cyg in July—September 2015.

of symbiotic stars reaches several thousand km/s. Ap-
parently, these jets operate in a pulsed mode, and in
the case of CH Cyg. The impulsive nature of the jet
producing stars of symbiotic systems suggests that the
critical mass for the formation of jets is required to get
accumulated in the accretion disk around the white
dwarf before the jets begin to form. In a binary sys-
tem, this may occur due to a change in the flow in
the stellar wind from the second component, and/or a
change in the distance between the components during
orbital motion at a significant eccentricity. Since the
white dwarf may have a strong magnetic field, its role
in the formation of collimated jets is not disregarded.

In spectroscopic observations of the symbiotic star
CH Cyg conducted at the Shamakhi Astrophysical
Observatory in July—September 2015, high-speed ab-
sorption components (Jet Absorption Structures) were
discovered on the blue wing of the Ho and Hf lines.
The short-wavelength boundary of these absorptions
reaches approximately —2500 km /s. Virtually all types
of Jet Absorption Structures found in symbiotic stars
to date were detected over the course of 18 nights
(about 50 days).
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