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SUMMARY: The paper is dedicated to the problem of the determination of the
orbital and physical parameters of active CB ST Ind based on the interpretation
of photometric observations (Walter et al.,, 1989). The analysis of these asymmetric

‘light curves is done by applying the inverse-problem method (Djurasevié¢, 1992b) in
the framework of the CB model with spots on the components (Djurasevié, 1992a).
Several working hypotheses are considered. The analysis of the light curves reveals

that Roche model with a single dark spot gives a good fit to the observations. The
quality of obtained results is practically the same within two different hypotheses:
I. - spot on the primary; II_. - spot on the secondary, yielding the system in an
overcontact configuration. The basic parameters of the system and of the active
spot region are estimated. - | -

1. INTRODUCTION . S - gions cannot yield a good fit to the observations. The
| - S o characteristic asymmetry of light curves has been at-
- - - ' tributed to the dark region near the pole of the pri-

ST Ind is a W UMa-type shorl;-period (P — mary. thhin the_' a.pplied l’l’l_Ode] and tl}e meﬂwd
09.401888) CB system. Its light curves are charac- for analysing the light curves it has been impossible

terised by approximately equal depths of minima and  t© obl;;ain particular parameters of the active region.
unequal J;leilgl)]ts of Sucgesgve mal:;-:ima. This asym- Also, it proved that the amplitude of the hight-curve

metry can be explained by assuming the existence of depression has a variation period of about 80 days.
an active dark or hot spot region on one of the sys- which is explained by a modulation of the spot visi-

tem’s components. A rough spectral classification of bility due to a possible precession of the primary s ro-
G type for ST Ind can be inferred from the value bation axis. The task has been solved assuming equal

of the colour index at the maxima (B — V = 0.5, temperatures of the components. This assumption
Walter el al 1089) For stars with convective .  S€ems problematic and it may be the source of errors
velopes like the Pres'ent ones one can expect the oc- the estimating of the system’s basic parameters.

‘currence of spots. Therefore, the hypothesis involv- . Therefore, our degiSiol"u Was to re-examine the-
ing an RS CVn-type activity seems justified. How-  S€ light curves by applying the inverse-problem met-

‘ever, for W UMa systems due to the exchange of hod (DjuraSevi¢, 1992b). For the analysis of the
nass and thermal energy between the components_ asym_metrlc llghti curves deformed by tl'_le-l')l'(.‘S(?ll‘C(?
increased-temperature regions may arise in the equa-  of spots on the components a model (Djurasevic,
torial zone of the cooler secondary towards which this  1992a) has been developed, which is based on the
transfer 1s directed. - - ~ principles originated in Wilson and Devinney (1971).

- The light-curve analysis, presented in Walterr The shapes of the components correspond to the
‘el al. (1989), shows that a model without active re-  equipotentials in the Roche model, so that the cnit-
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“ical Roche lobes can be filled up to an arbitrary de-
gree. For a given mass ratio of the components and
the nonsyncﬁronicity parameters the shape and the
size of stars in a CB are unequivocally determined
by the filling coefficients of the critical lobes. In a
spherical coordinate system the surfaces of the com-
ponents are divided into a large number of elemen-
tary cells, whose intensity am% angular distribution
- of black-body radiation are determined by the star’s
temperature, limb-darkening, gravity-darkening and
by the effect of reflection in the system.
"The active regions are approximated by circu-

lar spots characterised by the temperature contrast

of the spot with respect to the surrounding photo-

sphere (As = Ts/T.), by the angular size of the spot

(), by the longitude (1) and by the latitude () of

the spot centre. The presence of spots (dark or hot)
enables us to explain the asymmetry and depressions

on the light curves of an active CB.
2. ANALYSIS

In this paper an analysis of B and V light
curves (Walter el al., 1989) for 5T Ind is performed

on the basis of the model of a CB with spots on its

components (Djurasgevié¢, 1992a) where the inverse-
problem method (Djurasevic, 1992 b) is applied. This

meth
algorithm. - . L |
A preliminary analysis of the light curves has
proved that both components in this system fill their
critical Roche lobes. Therefore, the tidal efiects are

expected to cause the synchronisation between the

rotational and orbital periods. By solving the n-
verse problem one estimates the basic parameters of

the system and those of the active spot regions (lon-

gitudes, latitudes and spot size).

' In the applied Roche model of CB system ma-
ximal dimensions of the components are defined by
critical Roche lobes which are in the contact 1n the
Lagrangian equilibrium pomnt L;. If we treat the
gravity darkening coefficients fi,2 as free parameters

in the solving of the inverse-problem, then the model
can be applied with success to the fitting of hight

curves of an overcontact configuration CB system.

Namely, the increase of the coefficients ) 2 beyond

" the values characteristic for stars with convective en-

velopes has similar effect on the light curves as does

an overcontact configuration. For their initial val-

ues ; 2 = 0.08 are assumed. Lucy (1967) and Osaki
(1970) regard this value as justified one for stars with

convective envelopes. - N
In the programme, which solves the inverse

problem, the linear limb-darkening coefficients are

“determined on the basis of the components’ temper-
ature and of the stellar-surface gravity, according to

~ the given spectral type, by using the polynomial pro-

posed by Diaz-Cordovés el al (1995). _

- The temperature of the primary 11 was set
at 6200 K based on the colour index of the system
(B — V) = 0.5 (Walter et al., 1989). In our analysis
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“sented graphically. Figs. 1.

is based on the modified Marquardt (1963)

of the light curves we rejected the assumption of the

equality of the componenets’ temperature which is -
used by mentioned authors. Namely, this assump-
tion must reflect itself in the estimating of the CI3

system’s parameters. Instead, at solving the mverse- '
problem, the temperature of the secondary is treated

~ as a {ree parameter.

According to the preliminary analysis (Dju-
radevi¢, 1996) the single-spot model, with the spot
(with temperature contrast A, = T,/Ty = 0.65) Is

on the primary, provides a good fit to the observa-

tions yielding mutually concordant solutions for the
B and V light curves. This suggests that the hypoth-

~esis may be accepted as realistic. Detailed examina-

tion of the light curves reveals that another hypoth-
esis of a spot on the secondary may be considered as
equivalent to the first one. The quality of the results
obtained under both hypotheses is almost identical.
The analysed observational material cannot give the
final answer as to which of the components the spot

o is situated on. Therefore, the results obtained under

both hypotheses are treated as equally right. The

results of the light curve analysis for the B and V

filter are presented in Table 1.

The quality of the obtained results can be pre-
“and 2. present the

fits of the observed light. curves (LCO) by synthetic

model curves (LCC) and the final residuals (O-C)..
It is quite clear from these graphs that under both

working hypotheses (I. - spot on the primary; 1L

- spot on the secondary) synthetic light curves fit

~very well the observations. The residuals between
 observed and synthetic light curves are of a random

character and within limits of the observational ac-
curacy. = - S

A programme ( Djurasevi¢, 1991), specially de- .
veloped for the graphical presentation of the results
by using the system’s parameters obtained in the
light curve analysis, enables presenting the view on

the system at an arbitrary orbital phase. Fig. 3 gives

the view on the system ST Ind at the orbital phase

- 0.30 according to the results in Table 1. The Figure

presents the individual solutions for V and B light
curves under both working hypotheses. -

'3. DISCUSSION AND CONCLUSION

The examination of the obtained results shows

that the spot is situated on high latitudes. This

conclusion does not depend on the adopted work-
ing hypothesis. Since CB ST Ind is a short-period
system (P = 09.401888), the appearing of the spol
near the star polar region is not surprising. Namely,
as Schiissler and Solanski (1992) have demonstrated,
the dynamo mechanism in rapid rotators causes the
formation of spots on high latitudes, which is due to
the important role of the Coriolis force in the rapid
rotation. It coerces the magnetic flux tubes to move
from the deep convective-zone layers almost parallel
to the rotation axis and consequently the formation
of spots on high latitudes becomes necessary.
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Table 1.

Results of the analysis of the ST Ind light curves obtained by solving Lhe inverse problem
for the Roche model with two single spot location hypotheses:
I. - spot on the primary; II. - spot on the secondary.

Quantity Spot. on the primary Spot on the primary Spot on the secondary Spot on the secondary
Y. V. flter II. V - flter II. B - filter
(0 - () 0.001678 0.001378 . 0.001687 0.001368
10.3 40.4 11.7 4+0.3 17.2 +0.6 17.9 40.4
113 £5.9 114 £2.1 106 4.9 108 £3.9
71.1 1.5 69.9 10.8 67.9 1.5 65.3 +1.3
1.00040.001 1.000-+0.001 1.0004:0.001 1.00040.001
1.00040.001 1.0004-0.001 1.0004-0.002 ' 1.00040.001
6060 +10 6060 410 6040 +10 - 6060 10
74.4 4+0.07 74.3 40.06 74.5 +0.07 74.4 4+0.06
0.3314:0.003 0.33140.002 0.3313:0.003 0.332:40.002
0.273::0.004 0.24610.003 0.279:3-0.004 0.2461+0.003
0.18540.007 0.1713-0.005 10.17740.007 0.17340.005 -
064 0.72 064 | 0.72
0.65 0.72 0.65 0.72
2.535 2.534 2.535 ' 2.537
2.534 2.534 2.535 - 2.537
0.448 0.448 0.448 0.448
0.268 0.268 0.268 0.269
FIXED PARAMETERS:
17 = 62001 - temperature of the primary, _
A,, = Tg /T = (.65 - spot. temperature coefhcient,
Ay = Ag = 0.5 - albedo coeflicients of the components,
1 = f2 = 1.00 - nonsynchronous rotation coefficients of the component{;_

- Note: E(O — C)z - final sum of squares of residuals between observed (LCO) and synthetic (LCC) light curves, 0 - spot
angular dimensions, A - spot longitude and @ - spot latitude (all in arc degrees), [ 1 2 - filling coeficients for critical Roche

~ lobes of the primary and secondary, 19 - temperature of the secondary, ? - orbit inclination (in arc degrees), ¢ = > / my -
mass ratio of the components, )81,2 - gravity-darkening coefficients of the components, Uy, 2, - imb-darkening coeflicients of the

~ components, {2; 2 - dimensionless surface potentials of the primary and secondary and I¢ 1,2 - polar radii of the components in

units of the distance between the component centres.

The obtained solutions suggest that the com- Due to the thermal-energy exchange a region
‘ponents of the system fill their critical Roche lobes  of enhanced luminosity could be formed on the cooler
and have approximately the same temperatures. The secondary. However, such a model cannot ofler a

estimated values of gravity darkening coefficients (see ~ good fit to the observations and the expected agree-

Table I) ‘are beyond the values e’xpected for the ment of the results for the B and V llght CUrves.
stars with convective envelopes. This indicates that The parameters of CB ST Ind obtained here
the system components are in the overcontact con- are to some degree discordant with the estimates
figuration. - _ presented 1n Walter et al. (1989). In the present
- The system’s stars are in a physical contact authors’ opinion this is a consequence of the apphica-
near the Lagrangian equilibrium point L. It has tion of different models and methods of hght-curve
been shown by Lucy (1967, 1968a, 1968b) that dur- analysing. The approximation concerning the mu-
Ing the contact of the adiabatic parts of two convec-  tual temperature equality of the components applied
- tive envelopes the thermal-energy exchange is nec- by Walter et al. (1989) is reflected in the estimate of
essary. This effect could explain the approximately  the free parameters of the model. In our opinion this

equal temperatures of the components for different is the main reason for mentioned differences in the
masses. : estimating of the ST Ind CB system’s parameters.
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" Fig. 1. Observed (LCO) and final synthetic (LCCB light curves with final residuals (O-C) obtained
" by solving the inverse problem of active CB ST Ind.
N ~ Hypothesis L. - spot on the primary.
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Fig. 2. Observed (LCO) and final synthetic (LCC) light curves with final O-C obtained
- by solving the inverse problem of active CB ST Ind.
- Hypothesis II. spot on the secondary.
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Fig. 3. The view of the CB 5T Ind with parameters obtained by solving the inverse problem.
- . Top: Hypothesis I. - spot on the primary; '
Bottom: Hypothesis II. - spot on the secondary.

The assumptibn that the rotation axis of the
primary has precession, applied in the paper by Wal-

ter et al. (1989), in the present authors’ opinion 1s

premature. The changes of the amplitude depres-
sion caused by a spot can be interpreted through

the changes of its position and size, due to both the
change of the activity level and the possible different-

al-rotation effect. However, a definitive judgement
can be reached only on the basis of a long observa-
tional series furnishing well - defined light curves.
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'AHAJII3A KPMBUX CJAJA TECHOI" IBOJHOI CUCTEMA ST Ind

I". Bypawesuh n C. Epkanuh

Acmpoﬁomcxa oncepeamopuja, Boazuna 7, 11000 Beoepao, Jyeocaasuja

YIIK 524.387—54
Opuezunaanu nayunu pad

Pan je nocsehen npoGrieMy onpehusama opou-
TAJIHHX W (PHIMYKHUX TlapaMerapa akTUBHOI TeCHOr
asojror cucreMa ST Ind Ha ocHOBY aHanu3ze $oTo-
METpHICkUX nocmartpama (Walter el al., 1989). Ana-
JIH3a OBUX aCUMETPUYHUX KPUBHX Cjaja je M3BplICHA
NpHMEHOM METOAEe MHBEP3HOT MpobieMa (Djurasevié,
1992b) y okBupy Moaena TecHOr HBOJHOI CHCTEMA ca
neraMa Ha KomrioHeHramMa (Djurasevié, 1992a). Pa3-

MaTpaHO je HEKOJIMKO palHMX XMIoTe3a. AHaina

KpuBUX cjaja mnokasyje na Pome Momen ca jemion
TaMHOM T1ieroM pobpo Quryje riocmatparba. Kpamirrer
IOOH JeHUX pelllerba je TIPaKTHU1HO MCTH NIPH IBe pa-
snuiuTe xunorese: I. - nera Ha npumapy; I1. - nera
Ha cekyHnapy. [Ipu oBe Xunorese cy nporcibeHir oc-
HOBHM TIapaMeTpH CUCTEMaA U Tiere.



