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ABSTRACT. The calculation of Roche’s limit for asynchronous rotation and
elliptical orbit is applied to the cool component of the symbiotic star CH Cy-
gni. The prcobable value of Roche’ s limit of 200 Re agrees well with the values
determined from spectrophotcmetric observations for the distance of CH Cygni
cf 500 - 600 pc. The main phenomena observed in phase of activity 1977 - 1986
are then the consequence of mass transfer from the red M6III giant due to over-
flowing Roche’s 1imit., The dimensions of Roche’s potential in the periastron
and apoastron do not differ substantially for larger values of parameter p =
Porb/Prot (25), and the mass transfer is not limited just to the close neigh-
becurheood of the periastron.

[IPOBJIEVA [IEPEHOCA MACCH B CUMBMOTWMECKOR IBOMHOM CH JEBEAS. Buumcrenue
pasmepa NoBepXHOCTU Poma LN HECMHXPOHHOTO BPANMEHMS ¥ SANUNTHUECKOIL OpO6UTH OH-
10 NPUMEHEHO IJA XONONHOrO KOMIOHEeHTa cumMGuoTuueckoit amesaw CH JeGens. Beposr=-
Had BeamunHa 200 Re nmosepxHOCTM Poma Xopomo COBNafseT ¢ BeaMYMHON onpenexeHHoH
u3 crnexTpoforoMeTpuuecKrx HabapmeHu#t Ana pacrosamus CH JeGeza 500 = 600 ne. Iaa-
BHHe Habavnaemwe ABAeHMA (A3H AKTUBHOCTHM 1577 - 1986 rr. ABARDTCH cIenCcTBUEM
HeépeHoca MaccH u3 KpacHoro M6III ruranTa nepeTedeHMeM MOBepXHOCTH DPowa. Las
GoNbuMX BearMUMH NapameTpa p - Porb/Prot (5 ),pasMepu nosepxHOCTH Poms B nepu=
aCTpe U anoacTpe 3HAYUTENAbHO HEOTAUYADTCS I TIePeHOC MACCH He CBH38H TOJABKO C
Ganaskolt oxpecHoCTho NepuacTpa.

PROBLEM PRENOSU HMOTY V SYMBIOTICKE DVOJHVEZDE CH CYGNI. Vypolet velikos-
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ti Rocheovy meze pro nesynchronni rctaci a eliptickou dréhu je aplikovdn na
chladnou komponentu symbiotické hvezdy CH Cygni. Pravdépodobnd hodnota 200 Re
Rocheovy meze je v dobrém souhlase s hednotou urdenou ze spektrofotometrickych
pozorovéni pro vzddlenost CH Cygni 500 - 600 pc. Hlavni pozorované jevy ve fé-
zi aktivity 1977 - 1986 jsou potom diisledkem prencsu hmoty z Gervendho M6III
obra pretefenim Rocheovy meze, Pro vetsi hodnoty parametru p = Porb/Prot 25),
se rozméry Rocheova potencidlu v periastru a apoastru vyrazne neli%i a prenos
hmoty neni vézany jen na blizké okoli periastra.

1. INTRODUCTION

The last phase of activity of the symbiotic binary CH Cygni has been ob-
served since 1977 (Fehrenbach, 1977; Morris, 1977) and up to 1986 (Tomov et al.
, 1986; Tomov et al., in press)., It reached its maximum in the intervsl 1982 -
July 1984. A strong blue continuum was observed at the time (Ipatov and Yudin,
1983 ).The U, B, V magnitudes went up to 575 - 579 (Luud et al., 1986), the in-
tensities of the emission components of all elements increased, e.g. (Skopal
et al., in press), and rapid changes in the profiles of the absorption compo-
nents of iocnized metals were observed (Skopal et al., 1987), A sudden decrease
in brightness by as much as 1.0 - 1.5 m, was observed in July 1984 (Mikclajew-
ski and Tomov, 1986), and radio outbursts and expanding bipolar jets since Ap-
ril 1984 (Taylor et al., 1986). Taylor et al. (1986) demonstrated that the mass
10ss ratio in the Jets was comparable with the critical acretion ratioc of an
acreting white dwarf (~1077 Me/yr ).

The spectroscopic and photometric changes observed indicate that CH Cyeni
was a strongly reacting symbiotic binary during this period,

About 250 new radial velocities were obtained during this interval (Hack
et al., 1986; Tomov and Luud, in press; Skopal et al., in press). Although the
radial velocities display a considerable real scatter, e.g. (Skopal, in press),
their slow variations reflect the orbital motions of the hot and cocol component.,
Nikolajewski et al. (1987) and Skopal et al., (1987 ) determined the new elements
of the spectroscopic orbit for both components, and Mikolajewski et al. (in
press) only for the cool component. The long orbital period of the system of
5750 days was also proved photometrically (Mikolajewski et al., 1987); the ti-
me of periastron passage comes out at i982, i.e.roughly in the middle of the
last activity phase, and the actual orbit eccentricity is about 0.5, The semi-
-major axis of the orbit is then 9 AU (the sum of masses is equal to 3 (Skopal
et al., 1987)). In these circumstances, Hack et al., (1986), Luud et al. (1986),
Mikolajewska et al. (1987 ) and Mikolajewski et al, (1987) claim that the red
M6III giant in CH Cygni cannot fill Roche’s limit and, therefore, they assume
the mass acretion on the white dwarf takes place from the stellar wind of the
cocl giant. However, a precise estimate of Roche s limit for the red giant has
not been made.

The purpose of this study is to apply the calculation of the critical po-
tential in eccentric orbits with asynchronous rotation to the orbital parame-
ters of CH Cygni and to show the possibility of filling it by the red M6III
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giant in a wide interval around the periastron.

2. ROCHE'S LIMIT FOR THE COOL COMPONENT IN CH CYGNI

With a view to the asynchronous rotation of the components and to the el-
liptical orbit, the generalized binary potential can be expressed as, e.g.
(Wilson, 1979) "

2

D= @K/ (1+))+ (-R/ry=qR/r o= Bx/r= (1+q )p° (xZ+y° )/28° ), ()

where

r, = (x2+y2+22)1/2, r, = (r2+2rx+rg)1/2 and r = R(l-ez)/(1+cosv)
is the instantenous distance of the star centers,JYis the proper anomaly, e the
orbit eccentricity, R the principal semi-~axis of the orbit,()=2H/Porb the crbi-
tal angular frequency, q=M,/M, the mass ratio, and p=uﬂ()the ratio of the ro-
tational angular velocityufénd the orbital frequency. (x,y,z) are Cartesian
coordinates whose origin is in the centre of the secondary component, and which
rotate with the star at the constant angular velocity . Vector 1is perpendicu-
lar tc the orbital plane and points in the direction of the z-axis. The direc=-
tion of the x-axis is the same as that of the radius-vector from the centre of
star 1 to star 2.

The position of the szddle point L‘ is defined as the point where all ac-
ting gravitational forces are zero, i.eﬁyd)= 0. The partial derivativesacnyay
and 0Q¥dz evidently vanish along the x-axis. We then obtain Xy, by solving the
equationd@¥ox = 0, i.e.

(9222/(1+q)).(R/(r+x)z-qR/XZ-R/rZ-(1+q)pzx/RZ) =0

—~
N
—

The critical equipotential plane, i.e. the equipotential containg pcint Li’ is
def'ined by the solution of the equation ZGD- C‘ = 0, where.C‘ = ZiIxLl),

The following orbital parameters were used in applying Eq. (1) to the cool
M6III giant in CH Cygni: Porb = 5740 days (Mikolajewski etal., in press, ave-
rage value) and e = 0.5 (Skopal et al., 1987; Mikolajewski et al., in press,
average value), mass ratio MQ/M1 = Mcool/Mhot = 3.5, and the sum of the ccmpo-
nent’s masses equal to 3 (Skopal et al., 1987). Unfortunately, the rotational
pericd of the cool component is not kxnown. Slow rotation is assumed, with a pe-
riod of the order of hundreds of days. Figure 1 shows Roche’s limits for ratios
p = ! (synchronous rotation, Prot = Porb)’ p=5 SProt = 1148 days) and p = 10
(Pmt = 574 days) in units of length of the orbit s semi-major axis (R =9 AU =
1945 Re ).The internal sections (z = 0) correspond to the position in the peri-
astron and the external to the position in the apoastron. Table ! summarizes
the other parameters of Roche’s limits. The dimensions of Roche’'s limits are
strongly affected by higher values of p Q5): they decrease together with the
difference of their dimensions in the periastron and apoastron. Due to the
large orbital period of CH Cygni, it is reasonable to assume the ratio p = 10 -
-20. The dimension of Roche’s limit then comes out about 200 Re, and it can be
filled practically at any point of the orbit. This can explain the considerab-
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le duration of the last activity phase of CH Cygni.
y
Yo

N e N D
L/ N

p=1 p=5 p=10
Fig. '. Forms of Roche lobe in binary with e = 0.%, g = 3.5 for VY= 0 the(clu-
sest one}, V=T (the largest one) and p = 1, 3, 10.

Table 1
4 P XLy =<4 X5 M %5 B
¢ 5 0.2743 9.0336 0.2342 0.2229 C.1896 368.8

i
10 C.1933 12.8893 C.1772 C.,1696 0.1293 25145
20 0.1242 19,6567 0.1197 0.118% 0.0828 161,0

Vig77 5 0.3133  7.7762  0.3031  0.2943  0.2089  406.3
10 0.1980 12.1185  0.1954  0,1919  0.1320  256.7
20 0.1248 19,0308 0.1241  0.1229  0,0832 161.8

0.313 7.8034 0.30‘5
0.15879 12,1428 0.13950

Vigse 0
‘ 0
20 0.1248 19,0531  0.1241 O,
0
0
0

[N

3 0.2087  405.9
2 0.1319  256.%
7 C.0832  161.8
T 5 0.3137 7.7316  0.3055
10 0.1980 12,0789  0.1980
20 0.1248 18.9928  0.1244

. 2977 0,2091 406,7
L1928 0.1320 256.7
1232 0.0832 161,8

Table 1. Parameters of Roche lobes in orbit with eccentricity e = 0.% and mass
ratio q = 3.5.V is true anomaly (v1977 =-’|500 and v1986 = 1v4~30_),p the ratio of
the orbital period of system and the rotationsl period of the component, 21,
is x-coordinate of Li-point, X5y Yo and z, are coordinates of intersections of
Roche lobe with coordinate axes. Rr is approximate radius of Roche lobe in u-~
nits of the sun radius Re (semi-major axis R = 1945 Re).
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3. RADIUS AND EFFECTIVE TEMPERATURE OF THE COOL COMPONENT

Deutsch et al. (1974) derived the approximate temperature, Tef = 2800 K,
and lumincsity, log L = 3.18 Le, as well as the radius, Ty = 172 Re, from the
luminosity class and spectral type of the cool component of CH Cygni, M6III.
From the distribution of energy in the spectrum, Luud and Tomcv (1984) deter-
mined the physical characteristics of the cool component: Tef = (2850 + 120 K,
log L = 3.84 Le and 1= (340 * 35) Re for the distance of CH Cygni of 330 pc.
Recently Mikolajewski et al. (1987 ) estimated the radius of the cool component
to be between 160 and 185 Re, based on the eclipse of hot component by the
cocl one.

Under the assumption that the energy distribution in the star’s spectrum
corresponds to the radiation of an absolutely black body, the flux from the
star’s surface 9ga<v) = ZH%BV(TMJGH =]TBV(T), and thus the flux observed at
distance D from the star

fy = T /D)BAT ), (3)

This relation was used to determine the parameters rg/D and Tef from the spec-
trophotometric observation of July, 1975 (Gusev, 1977), i.e. at a time when

CH Cygni displayed a practically clean M-spectrum. The observation was made in
the spectral region of 330 nm - 750 nm with a resolution of 5 nm. The values

of fy in the TiC bands were nct usged. The method of least squares yielded the
paraneters n/D = (7.9 + 0,7)x107% and T_, = (2860 % 100) K. The distance of

CH Cygni was considered to be between 200 and 600 pc.,e.g. (Mikolajewska et al.,
1987 ). For distances of 500 to 600 pc, the star s radius comes out as 175 to
210 Re, and this corresponds to the protable dimensions of Roche’s 1imit of the
giant,

The main consegquence of the application given above, is the possibility of
nass transfer fror the red giant by overflow of Rochie s 1imit even in systems
with a long orbital period. This mass transfer may occur within a broad neigh-
bournocd of the periastron, depending on the ration cf the crbital and rotatio-
nal pericds of the component considered. The large acretion ratio necessary
for the formation of a massive disk and the observed bipolar jets, can be ex-
plained better by mass overflow over Roche s limit in CH Cygni.
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