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ABSTRACT. New U, B, V observations of the symbiotic star CH Cyg, carried
out in the years 1986 to 1988 at the Skalnaté Pleso Observatory, are presented.
A marked separﬁtion of U and V magnitudes was observed during this period, to-
gether with a constant increase of the U magnitude up to i1 mag. in September
1988 and the vanishing of the rapid fluctuations of the star brightness in all
filters. These changes were interpreted as a distinct decrease in the amount
of accretion material around the hot component, and considered to be photomet-
ric evidence of the end of the activity phase of CH Cyg. The U, B, V observati-
ons made since 1967 are summarized and discussed. The light curves in the U
and V filters best reflect the basic properties and changes of the blue conti-
nuum in the active and quiescent phases of CH Cyg.

®OTOMETPMA AKTHBHOX ¥ CIIOKOAHOA ®A3H CH JeGema. B po6oTe OmySAMKOBAHHH

woswe U, B, V Habapienusa cumbnorudeckoilt sBessn CH JleGelss BHMNOJHEHHe BO BpeMsd
1986 - 1988 rr. mHa ob6cepBaTopuu Skalnaté Pleso. B aTom mepmose Ha6JIBAANOCH
BHpasuTeabHoe oTauume Uy V MArHuTyZIH, NOCTOSHHHA BospacT U-marHuTyaw mo 11 wmar.
B ceHTabpe 1988 u mpakTuueckoe MCUesHEHME OHCTPHX GUYKTyauuit IpKOCTY 3BeagH

BO BCeX (PuabTpax. OTH MBMEHEHUS UHTEPNPETUPYDTCS SHAUUTEJHHM yMEHBIIOHMEM 8KK-
PEUUOHHOTO MATEepUANa BOKPYr ropsauero KOMIOHEHTa YU CUUTADTCH (POTOMETPUUECKUM
norTsepuneHueM saxoHueHus ¢asum axTuBHocTu CH Jle6ema. CoGpaHHH ¥ AUCKYTHUDOBAHHH
U, B, V mabapnenus ¢ 1967 r. Xox xpusoii 6aecka B U u V durbTpax Jyumle CXBATH-
BaeT OCHOBHHE CBoilCTBA M MBMEHEHUS CHHEro KOHTMHyyMa8 B $asax aKTUBHOCTU U MO-
xos CH JleGens.
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FOTOMETRIA AKTTVNEJ A KIUDNEJ FAZY CH Cyg. V préci si prezentované nové
U, B, V pozorovania symbiotickej hviezdy CH Cyg vykonané v rokoch 1986 a%Z 1988
na Observatoriu Skalnaté Pleso. V tomto obdobl bol pozorovany vyrazny rozdiel
U a V magnitidy, stély vzrast U magnitidy aZ na 11 mag. v septembri 1988 a
praktické vymizenie rychlych fluktudcii jasnosti hviezdy vo v8etkych filtroch.
Tieto zmeny si interpretované vyraznym zmen3enim akre¥ného materidlu okolo ho-
ricej zloZky a si povafované za fotometrickd evidenciu konca fézy aktivity
CH Cyg. St zhrnuté a diskutované U, B, V pozorovania od roku 1967. Priebeh sve-
‘telnej krivky v U a V filtroch najlepsie vystihuje‘zékladné vlastnosti a zme-
ny modrého kontinua v aktivnych a kIudngch fézach CH Cyg.

1. INTRODUCTION -

The characteristic feature of typical symbiotic stars is a weak blue con-
tinuum which dominates in the shoter wavelengths of the spectrum, roughly up
to 500 nm. Its presence, rapid and slow variations, as well as its strong
attenuation in the quiescent phases are generally ascribed to the activity of
the hot component of the interacting binary system. Nevertheless in many sys-
tems, e.g., EG And, Z And, CI Cyg, SY Mus, AR Pav, AX Per, some fluctuations
of the UV continuum represent a quite convincing proof of binary motion.

The U, B, V photometry of the symbiotic star CH Cyg indicated all the
mentioned properties of the blue continuum. In the active phases it displayed
a sudden enhancement, the brightness of the star in the U-filter roughly equa-
lled the brightness in the V-filter. On the contrary, the quiescent phase was
characterized by the separation of both magnitudes (Fig. 1). The rapid fluctu-
ations of the blue continuum, of the order of minutes to hours, were observed
in the active phases (Slovak and Africano, 1978; Chochol et al., 1984 ). For
the period 1982-1986 they were analysed in more detail by Skopal (1987). A mi-
nimum, which was interpreted as the eclipsing of the hot component of CH Cyg
by its cool component (Mikolajewski et al., 1987 ), was observed on the U light
curve in 1985.

The observations carried out in the optical region of the spectrum in
1930 to 1940 indicated irregular variations of the visual magnitude. The larger
scatter of its values corresponded to the observations of the inner hemisphere
of the cool component of CH Cyg with regard to its present binary model (Dzie-
wulski et al., 1988). Other observations, from 1901 to 1939, indicated irregu-
lar changes in the photographic magnitude, which yielded an average cycle of
98.8 days. A long period of 4700 days was also observed in this interval (Ga-
poshkin, 1952). Gusev (1976) analysed the overall visual (from 1899 to 1974)
and photographic light curves (from about 1935). Apart from the period of 100
days, he also found changes in the brightness with a period of about 4 years.
At the beginning of 1960, the amplitudes of these variations increased marked-
ly (up to 1.5 mag.). Gusev noted that this could be related to an increase in
the activity of CH Cyg, observed by Deutsch (1964) in 1963. Similar properties
are also displayed by the optical light curve of CH Cyg, compiled from the
AAVSO observations made between 1949 and 1964 (Kenyon, 1986; Fig. A. 10). Later,

32

© Astronomical Institute of the Slovak Academy of Sciences + Provided by the NASA Astrophysics Data System



in the years 1967 to 1977, Luud et al. (1977) observed variations in brightness
of about 1.5 mag. with a period of about 700 days in the V light curve.

The purpose of this study is to point the basic properties of the overall
U and V 1light curve, as well as some of its peculiarities, as well as to pre-
sent new U, B, V observations made in 1986 - 1988 and, on their basis, prove
that the activity phase of CH Cyg has terminated.

2. OBSERVATIONS

The observations of CH Cyg in the standard U, B, V system were carried
out with a single-channel photoelectric photometer installed in the Cassegrain
focus of the 0.6/7.5 m telescope at the Skalnaté Pleso Observatory. HD 184 786
was used as the comparison star (S) and HD 184 960 as the check star (C). The
observations were made in roughly hourly cycles: S, C, S, CH Cyg, S,..., S,
CH Cyg, S, C, S. The integration time of one measurement was 10 s. The measure-
ments were reduced to the international system and are compiled in Tab. 1.
Each value represents the average of the observations made during one night.
The number "n" indicates the number of individual observations per night.

TARLE 1

AT LONG OF CH OYG
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3. RESULTS AND DISCUSSION
3.1. U, V Light Curve

Figure 1 shows the overall U and V light curve of CH Cyg since 1967. The
activity phases, 1967 - 1969 and 1977 - 1987, were charscterized by a strong
blue continuum. During these intervals, the colour U-V index was roughly equal
to zero and in the activity maximum of 1982 - 1984 it was even negative (Figs.
1 and 2). The quiescent phase of 1970 - 1977 was characterized by the separa-
tion of both magnitudes and an increase in the values of the U-V and B-V co-
lour indices. The maximum values of the U-V index in this period were around
2.5 mag. and of the B-V index around 1.5 mag. Since 1986, the values grew ra-
pidly and in August to September 1988 they reached about 3.5 and 1.8 mag.,
respectively. Also long-term variations with a period of about 700 days were
observed (Luud et al., 1977). Besides this, short increases with Au~0.5-1.5
mag., lasting from weeks to months, were indicated in July 1972 (JD 2 441 520),
in May 1974 (JD 2 442 200) and October 1987 (JD 2 447 084); these are shown in
Figs | and 2 and marked with arrows.

The variability of the V-magnitude in the interval 1967 - 1977 is periodic.
Luud et al. (1977 ) found a period of 714 days in this interval. A new analysis
of these data using the method of phase dispersion minimization (Stellingwerf,
1978) and the STEST computer program (Zverko, private communication) yielded
a period of 758 days at a significance of e= 0.53 (Fig. 3). From 1977 up to
1985 the variations in the V spectral region were affected by the strong blue
continuum (U-V 50). Since 1985 until the autumn of 1987, there was a long-term
variation of the V-magnitude with an amplitude of about 1 mag. lasting approxi-
mately 1000 days (Fig. 4). The most recent observations indicate a shortening
of this variation, although this conclusion requires further observations to
be made. These periodic variations of the V-magnitude, observed since 1960
(Gusev, 1976; Kenyon, 1986; Fig. A. 10) are probably related to the radial pul-
sations of a late red giant. The observed changes of its spectral classifica-
tion (Luud et al., 1982; Andrillat, 1988) could be a reflection of these pulsa-
tions. To prove this property of the red giant, the hitherto published radial
velocities (140 values) of the cool component of CH Cyg were analysed using the
same method as applied to the photometric observations. In the interval from
500 to 1200 days periods ranging from 650 to 855 days were thus found, however,
the significance was only 0.80 - 0.85 (Fig. 3). Although this result is not
unique proof of the existence of the radial pulsation of the red giant, it can
at least be assumed.

The simultaneous origin of these pulsations and of the symbiotic phenome-
non after 1960 (Gusev, 1976; Deutsch, 1964) enables us to conjecture that the
basic cause of the erratic outbursts of CH Cyg is the dynamic instability of
the red giant. Its critical equipotential surface is relatively small, roughly
200 Re (Skopal, 1988). Consequently, a part of the external atmosphere may
"overflow" the critical equipotential as the cool giant expands and be attrac-
ted by the compact component. This process could conversely affect the very
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Fig. 3. Periodogram of the V-magnitude observed in the interval 1967 - 1977
(full line) and of the radial velocities of the cool component (dotted line).

pulsations of the star and finally lead to irregular oscillations in mass tran-
sfer to the compact component of the binary system. The rapid fluctuations of
the radial velocity of the absorption components of singly ionized metals in
the maximum of the activity phase (Chochol et al., 1986; Skopal et al., 1987)
are clearly the direct observational consequence of this mechanism. This would
represent a kind of analogy with the concept demonstrated and for cataclysmic
variables considered by Bath (1984). This concept would allow the short out-
bursts Q&J~1 to 1.5 mag., lasting roughly a month) also observed during the
quiescent phase of CH Cyg, to be related with this activity of the red giant.

3.2. End of the Activity Phase of CH Cyg

The most recent activity phase assigned the symbiotic star CH Cyg to the
most interesting astrophysical objects of the recent 10 years. Its outbursts
occurred in May 1977 (Fehrenbach, 1977). This corresponded to an increase of
brightness by about 2.5 - 3.5 mag. in the U-filter (Fig. 1) which continued
into the summer of 1981. From 1981 to July 1984, a strong blue continuum affec-
ted the radiation of CH Cyg in the whole optical region of the spectrum,)vzsso
nm (Ipatov et al., 1984). Between July 25 and August 15, 1984, a sudden decre-
ase in the star’s brightness was observed, amounting to 1 - 1.5 mag. (Panov et
al., 1985b; Luud et al., 1986). Since April 1984, a radio outbursts and bipo-
larly expanding jets were observed (Taylor et al., 1985) and, in May 1985, a
soft X-emission was detected (Leahy and Taylor, 1986). Mikolajewski et al.,
(1987 ) found two minima on the U light curve, observed in 1969 and 1985, which
they interpreted as the eclipse of the hot active component by the cool giant.

The period following the eclipse was characterized by a gradual decrease
of the star’s brightness in the U~filter down to values of about 10.5 - 11 mag.,
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Fig. 4. The U and V light curve of CH Cyg in November 1983 to September 1988.
e-U, x-V light curve according to data published by Vennik et al. (1987), Mi-
kolajewski et al. (1987), Milone et al. (1986), Mikolajewski and Mikolajewska
(1985), Mikolajewski and Wikierski (1986), Panov et al. (1985a,b), Taranova
and Yudin (1988). o, +- Observations carried out at the Skalnaté Pleso Obser-
vatory: Skopal (1987) and from JD 2 446 T00 this paper.

which were even lower than the values observed during the quiescent phase of
CH Cyg in 1976 (Fig. 1) and which are about 1| mag. higher than the values ob-
served during the period of total eclipse in 1985. These facts indicate a wea-
kening of the source of the blue continuum, which was still contributing in
the U-region of the spectrum even in the period of the total eclipse (Figs 1
and 4). The brightness of the star in the V-filter varied roughly between 6.7
and 7.9 mag. between the end of 1984 and the last observations in 1988. Its va-
lue was close to that derived from measuring the visual magnitude until 1960
(Gusev, 1976) and of the.V-magnitude during the quiescent phase of CH Cyg in
the years 1970 - 1977 (Luud et al., 1982). The difference between the values
of the U- and V-magnitudes was observed until the beginning of the eclipse in
May 1985. In the years 1987 - 1988 this difference amounted to 2.5 mag. The
weakening: of the blue continuum thus enabled better observation of the beha-
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viour of the cool component and the hot source separately also in the optical
part of the spectrum.

The amplitudes of the rapid variations of the U, B, V photometry decrea-
sed during the whole period after the eclipse. In 1987 - 1988 the brightness
of CH Cyg in these filters were practically constant during the night Qﬁm-<0.1
mag. )y although the difference between their amplitudes in the U- and V-filters
could be observed @U>AV). In the spring of 1986 AU~ 0.3 mag., but AV~0.|
mag. (Skopal, 1987: Fig. 6), as opposed to the activity maximum in whichZNJ~
AW (e.g., Reshetnikov and Khudyakova, 1984 ). This behaviour of the rapid fluc-
tuations of the blue continuum can be' explained naturally by its overall dec-
rease. The degree to which the particular spectral region UV is affected by
the radiation of the hot component is given by the ratio of its intensity and
the intensity of the radiation of the red giant on a particular wavelength.
From the point of view of the distribﬁtion of the energy of the cool red giant
(e.g. Ipatov et al., 1984), this means that the overall weakening of the UV
radiation flux will lead to the gradual vanishing of its rapid fluctuations as
one proceeds from the V into U spectral region.

If the source of the rapid variations in the brightness of the star and
blue continuum is the accretion material around the hot compenent of CH Cyg,
the photometric observations made in the years 1985 - 1988 have proved that
the size of the accretion complex has decreased appreciably and that the acti-
vity phase of CH Cyg has come to an end.
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