A TURBULENT REGION IN CH Cyg?

A. Skopal
Astronomical Institute, Slovak Academy of Sciences
059 60 Tatranskd Lomnica, Czechoslovakia

Received 19 September 1986

ABSTRACT. Photoelectric U, B, V observations of the symbiotic eclipsing
binary CH Cygni made in 1983 -~ 1986 are published. A gradual decrease in the
amplitudes of brightness variations was observed after the activity maximum
in 1982 until December 1984. On Oct. 6 ~ T, 1985, no rapid changes in bright-
ness were observed at the time of the full eclipse of the hot component. After
the eclipse, at the end of 1985, a sudden increase in the amplitudes of the
star’s brightness fluctuations was observed, especially in the U colour
(AU, x = 0735). The possibility of observing the turbulent region of the sccre~

me.
tion disk discussed.

TYPEVIIEHTHAA OBIACTE B CH JEEEIFT B podoTe ONyGIMKROBAHHH (HOTOSASKTDEIECKIEE
U, B, V HadmonmeHwa cmMOEOTHYecKo# sarMennoft mpoitmoft smezpu CE Jleens BHIOMHEHHe
B I983 - I986 rr. HaGimozanoch NOCTENEeHHOe IOHPXEHME OMILIITYXL H3MOHOHEE APROCTH
HOCJe MAKCHMyM2 arTUBHOCTM B IS82 » BmioTh 5o HAeradpa 1984 r, 6~7 oro oxrTaCpHA
I985 r., -Bo BpeMZ NOJHOTO 38TMEHHA T'OPAYEI0 KOMIOHEHTA, HUKaX¥e GHCTDHE H3MeHe-
HES GNecKa HeHaGmonamrcs. Llocue 3aTMeHEA, B KoHie 1965T., HAG/OAANOCH BHESAHOS
NOBHIIOHNS aMIWMTyX QuykTyarui Ciecka 3Be3IH, TJIABHEM 00pazoM B mpeTe U
(AU = 0935). JIMCKyTWDYeTCH BOBMORHOCTH HAG/ONANEA TypOyJeHTHOR odiacTn:

max
8KPEIUOHHOI'O JHCKA.

TURBULENTNA OBLASYT V CH Cyg? V prdci su publikované fotometrické U, B, V
pozorovania symbiotickéj zdkrytovej dvojhviezdy CH Cygni v obdobi 1983 - 1986.

Bol pozorovany postupny pokles amplitdd zmien jesnosti po maxime ektivity
v r. 1982 a% do decembra 1984. 6./7. oktdbra 1985, v Uplnom zdkryte hortcej
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zloZky, neboli pozorované Ziadne rychle zmeny jasnosti. Po zdkryte, lkoncom ro-
kd‘198§, bol pozorovany ndhly vzrast amplitid fluktudcii jasnosti hviezdy, ob-
zv14st v U farbe (AUmax = 0M35). Je diskutovensd mo¥nost pozoroﬁania turbulent-
nej oblagti akredného disku.

1. INTRODUCTION

The present knowledge of star -CH Cygni enables us to include it among the
symbiotic eclipsing binaries. However, the spectroscopic and photometric beha-
viour of the star does not. allow for & unique interpretation of many of the
observed phenomena. Although some of the basic parameters of the system, pre-
liminary elements of the binary’s trajectory (Yemashita and liaehera, 1979;
Skopal et al., 1986), the distance (Slovak and Africano, 1978), the spectral
types of the components and some of the physical parameters of the radieting
regions (e.g.,Luud and Tomov, 1984; Farragiana and Hack, 1971) have been esti-
meted, the basic principle of the interaction between the components (the man-
ner of mass trensfer) is still not clear.

After the 1967 outburst, CH Cygni was observed photometrically by many
authors. Variations of the light curve of 46 and more than 100 days were obser-
ved (Cester, 1969). After the outburst of 1967, the V light curve displayed
periodic variations on a time scale of about 700 days between 1968 and 1976
(Duschl, 1983). CH Cygni reeched its brightness meximum (577 in the V colour)
after a practically monotonic increase since 1977 in 1982 (Chochol et al.,1984Db,
Spiesman, 1984). In 1983 a slight decrease of brightness was observed, and the
values of the V-magnitude were around 578 (Reshetnikov and Khudyeakove, 1984).
The sudden decrease of brightness in the visual region of the spectrum of more
than 1™ was observed between 25 July and 15 August, 1984 (Iikolajewski and
Tomov, 1986). The values of the U-magnitude of CH Cygni, observed between 1567
and July 1986, displayed two distinct minima of practically identical geometry,
spaced at about 16 years and corresponding to the eclipse of the hot active
component by a cool giant (Mikolajewski et al., in press).

Rapid changes in brightness have been observed in the U-region of the spec-
trum since 1967 (Martel-Chossat, 1967). Irregular variations with amplitudes
ranging from 0%02 to 0Tt have been observed on time scales of 5 to 20 mins
(Slovak and Africano, 1978). In 1982, variations of OTB in U and of 072 in V
were also observed on & time scale of hours. Mikolajewski et al. (in press)
have noted that flickerings were not observed at the time of the eclipse in
August and September, 1985. On April 24, 1986, observations were made which dis-
closed changes in amplitude, AU = o%2 to OT4, with a typical duration of 10 to
30 minutes (Tomov et al., 1986).

2. OBSERVATIONS AND RESULTS

The values of the U, B, V photometry were obteined using a single=channel

70

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



‘photoelectric photometer, instelled in the Cassegrain focus of the 0.6-m teles-
cope at the Skalnate Pleso Observatory. The measurements were carried out with
a 10=s integration period and reduced to the international system. In one case,
on June 22-23, 1983, a 1=s integration period was used in cycles of 50 neasu~
rements cosecutively in each colour . The values observed on this hight are
presented in the instrumental system. The magnitudes and colours indices of the
comparison sters are the same as in (Chochol et al., 1984b).

The U, B, V observations of CH Cygni are in Tab. 1. Each of the values
represents an average of the observations made during & single night. The num=-
ber "n" represents the number of individual observations. The values of the

Table 1.

—

J. D. hel v B-V U-B n Dete

2 445 566,57 5.690 0.568 =0.337 24 1983 August 20
6 047.20 6.781 0.942 =0.229 8 1984 December 12

048.22 6,779 0.941 =0.191 12 1984 December 13
049.22 6.795 0.935 =0.159 4 1984 December 14
345.31 7.322 1.489 +0.706 10 1985 October 6
378.24 7T7.358 1.378 - 15 1985 ilovember 8
397.28 7.461 1,096 =0.,093 13 1685 November 27
399.18 7T.442 1.091 =0.143 8 1985 November 29
423.26 T.474 1.017 =0.267 13 1985 December 23
425.21 T.506 0,981 =0.188 25 1985 December 25
548.41 7.950 1.057 =0.166 9 1986 April 27
555456 T.767 0.934 =0,367 10 1986 lay 5
556455 T.864 1.040 -0.316‘ 10 1986 lLiay 6
564.53 T.778 1.042 ‘-0.127 19 1966 May 14
574.52 T.686 1.142 =0.122 T 1986 ey 24
597.49 7T7.636 1.105 =0,213 18 1986 June 15
598.51 7.684 1,267 =0.048 5 .1986 June 17
605.50 T7.785 1.202 =0,143 12 1986 June 24
615442 T7.765 1.160 =0,137 5 1986 July 3
615.44 7T7.836 1.038 =0,186 5 1986 July 3

magnitudes of the U=filter are summarized in Fig. 1. The observed minimum is
interpreted as the eclipsing of the hot component of the system (liikolajewski
et al.,in press). Fig. 2 shows the photometric variability on two nights in
1983. The amplitude in the U and V-colours does not exceed 0%22, ¥o marked dif=-
ference of these fluctuations between the U, B, V-colours was observed. A simi-
lar result was also obtained by Reshetnikov and Xhudyakova (1984).

A further decrease in the brightness variations was observed in December
1984. All the variations of the magnitudes observed in the U and V-colours are
within the limits of AU = AV = 0%144 (Fig.3).
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Figure 4 shows the results of the observations made during the night of Oct.
6-7, 1985, the time of the total eclipse of the hot component. No rapid chan-
ges were observed. The scetter of the values: AUmax ='0T055,‘AVhax = 0?031,

AB-V) = 0%031 and A(U-B) . = o%o30.

After the eclipse, at the end of 1985, a sudden increase in the asmplitude
of the star’s brightness fluctuations was observed, mainly in the U-colour. The
irregular variations of the ''-maghitude. are within the range of AU = 0935 and
of the V-magnitude within 072 on a time scale of 10 = 20 minutes (Fig. 5).

Further observations, made in May and June 1986, indicate a decrease in
the emplitudes of the rapid varietions of brightness, AU .. and Avma-x = 0725,
On the night of May 13-14, 1986, a "flere" with the amplitude AUﬁax = 0727 and
lasting about 25 nmins was gbgerved (Fig. 6).
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Fig. 1. U light curve of CH Cyg observed during 1983-86 taken from the paper:
Mikolajewski et al.. (in press). The full circles are values obtained at the
Skelnaté Pleso Obgservetory and are discussed in text.

72

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



22./23V11983

-42 } oUinst

40}t 4 v
L \ v J
)

—38 " [ 2 2 2 8 [ Nl 2 [ [

43 44 45 46 47

19./20VI1 1983 19./20V1 1983
s7F U 56 b V -
5.9 - T, : - 58 } ’
L . '] [ [} 1
ol 57 58

57 58

Fig. 2. The photometric variability on two nights in 1983.
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Fig. 3. The brightness variations observed in December 1984.
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Pig. 4. The results of the observations mede during the night of Oct. 6-7,1985.
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Pig. 5. At the end of 1985 the irregular variations of the U-magnitude are wit-

hin the range of AUmax = 0035 and of the V-magnitude within o2,
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Fig. 6. The photometric variability on two nights mede in May and June 1986.
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3. DISCUSSION

The vanishing of flickerings and flares in the primary minimum indicates
that the source of these changes is located &t the hot component. Skopal et al.
(in press) heve shown that the maximum of activity of CH Cygni is related to
its periastiron passage at the end of 1982. The maximum amplitude of the bright=-
ness variations in the U-filter reached 0%3 at this time (Chochol et al.,
1984b). This wes followed by & monotonic decrease until the 1985 eclipse, when
no rapid changes were observed (Fig. 7). This trend can be explained by the

aU | 3
03} A
02}

01}
4

1983 1984 1985 1986

Fig. 7. The maximum amplitudes of the brightness variations in U=filter obser=-
ved during 1982 =~ 1986. The thin lines represent the observations in separeate
nights, thick ones in a few nearby nights. The date are taken from: 1-Chochol

et al., 1984b; Spiesman 1984. 2-Reshetnikov and Khudyakove, 1984. 3-Tomov et al.,
1986. 4-This paper.

decrease in the amount of mass transferred from the ective \component of the
active binary to the accretion disk as & result of the increasing distances be-
tween the two components. About 2 months after the eclipse, rapid brightness
variations are observed again, these amount to 0%3 = 0935 in the U=colour. If
we accept the above deliberation, the relatively most active region of the acc-
retion disk, i.e. the turbulent region which is & strong source of flickerings
and flares, is observed very soon after the eclipse. Similar evidence of the
rapid photometric variability was observed after the primary eclipse of the
symbiotic eclipsing binary CI cyéni (Chochol et al., 1984a). However, the crea-
tion of this region requires the accretion disk to be penetrated by the mass
being transferred. The mass transfer in 1985 and 1986 in CH Cygni hes nct been
proved spectroscopically so far, and cennot, therefore, be assumed in advance
because it involves an elliptical orbit with an eccentricity of about 0.55 (Sko-
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pal et al., in press). However, Tomov et al. (1986) have reported & new increase
in the activity of CH Cygni which took place in Wovember and December 13885; they
document this by the changes observed in the absorption and emission spectrum
of the star and by the reappearahce of rapid flickerings in CH Cygni’s bright-
ness.
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