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ABSTRACT. We study the nature of asymmetry
and the intrinsic variability in the light curves of VW
Cep. We analyze our own B,V light curves as well as
the other data from literary sources. In view of the
presence of significant intrinsic brightness variations at
a level of 0™.01 — 0™.03 on time scales comparable to
the orbital period we deal only with individual light
curves sampled possibly in one-two consecutive orbi-
tal cycles. The evidence for the presence of the small
hot spot region close to the neck connecting both com-
ponents will be summarized: a) displacements of the
brightness maxima from the predicted epochs of elon-
gations suggestive of an additional energy input sup-
posedly of the hot chromospheric origin, b) the ove-
rall pattern of asymmetry in brightness maxima and
minima, ¢) systematic colour changes with the orbital
phase, d) the presence of significant cosine odd harmo-
nics in truncated series of the observed light curves.
We find that the hot spot with a characteristic size of
R ~ 0.7—1.2-109m and the temperature contrast
AT/T = 1.3 — 1.4 located on the surface of a more
massive star can explain the afore-mentioned peculia-
rities whereas model light curves based on our model
give rather good fit to the observed data studied so
far. The possible physical nature of the hot spot in the
light of our results confronted with the spectroscopic
data (specifically Mg II resonance doublet) and flare
activity signatures are briefly discussed.
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1. Introduction

The contact binary VW Cephei (HD 197433 = BD
+75°752,20138™03% 4+ 75°257.0(1950), G5, P = 6141™)
from the moment of its discovery in 1924 till now rema-
ins the target of intensive astrophysical research. In re-
cent period the wave-like distortions of the light curves
superimposed upon the regular brightness variations
caused by mutual eclipses and tidal distortions of both

components nearly filling in their respective Roche lo-
bes received considerable attention. New observational
data have been accumulating suggestive of a variable
chromospheric and coronal activity ,both regular and
of a flaring nature (see, for instance, Bradstreet and
Guinan 1990, Pustylnik 1995, Choi and Dotani 1998).

There is now consensus among the investigators
of close binary systems that AB component of VW
Cephei consists of two low mass main sequence stars
(m1 ~ O.9m@,m2 ~ O.25m@, Rl = 0.93R@, RQ =
0.5Re, Ther =~ 5000°K, Ther ~ 5200°K ) (see Hill
1989). By all evidence VW Cep system ”oscillates”
between the contact and semi-detached configuration.
In its present state mass transfer caused by magnetic
wind from the low mass component should result in a
gradual merging of the components (for details of evo-
lutionary scenarios, see Robertson and Eggleton 1977,
Lucy and Wilson 1979).

And yet despite the variety of the observational data
the nature of the wave-like distortions of the light cur-
ves and their possible connection with the short term
orbital period variations remain obscure. To interpret
the different brightness maxima heights (O’Connell ef-
fect) the idea of dark spots or of circumstellar (circum-
binary) matter have been exploited (for more details
see Karimie 1983, Hendry et al 1992, Pustylnik and
Sorgsepp 1975). The purpose of our contribution is to
draw attention to a supplementary source of informa-
tion which in our view may throw an additional light
on the nature of asymmetry of the light curves in VW
Cephei system: the phase behaviour of the light ma-
xima.

2. Epochs of maxima, displacement in respect
to elongation

In an earlier paper (Pustylnik and Kreiner 1997) we
reported for the first time about the discovery of small
but significant phase displacements of light maxima in
VW Cep from the predicted epochs of elongation. Re-
cently we have extended the data base including ob-
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servations by Linnell (1980) and Niarchos et al (1998)
in our analysis. We used polynomial approximation
for normalized brightness ((T') = Y"_, a; T} (Ti be-
ing the Julian date for the observation considered) and
normally n = 6 was adopted.The observed moments
of brightness maxima have been determined iterati-
vely with the aid of Newton’s method solving equation
dl/dt = 0 (for more details see Pustylnik and Kreiner
1997). We used the data only of high quality with the
observational points covering the total light curve and
never used average light curves. In this way a num-
ber of epochs for the primary and of the secondary
maxima have been determined and summarized in Ta-
ble 1. In all these cases we see small but significant

Table 1: Epochs of the primary E,, and secondary Egcc
maxima and (O — C)

Fopr 0-C Free 0—C
2439467.328%  0.006 2439467.4622 -0.003
2439467.6074  0.004 2439521.4620 0.005
2439521.3184  0.001 2439918.3260 -0.007
2439748.4222  0.004 2439918.6089 -0.004
2439935.4510  0.002 2439935.5836 -0.004
2439964.3967  0.003  2439964.5304 -0.003
2444477.8083  0.002 2444477.6674 -0.001
2448531.4173 0.005 2448152.2112 0.002
2449278.3863  0.005 2449276.4208 -0.004

displacements of the brightness maxima in respect to
the predicted moments of elongation. The displace-
ment amounts to 0.9005 — 0.4008, i.e 0.03P,,,, whe-
reas the formal accuracy of the position of the bright-
ness maximum from the smooth curve is no less than
0.90002 — 0.90003. We regard thus determined displa-
cements of the brightness maxima as real, since in no
cases studied so far we have found displacements of the
moments of brightness minima from predicted epochs
exceeding 0.9001.

As we see from the data of Table 1, a higher maxi-
mum (following the primary minimum) is observed at
a later epoch than it follows from the value of the orbi-
tal period whereas the lower maximum (preceding the
primary minimum) preferentially comes at an earlier
epoch. This can be interpreted as an evidence for the
asymmetric (in respect to the line of centres) brightness
distribution over the hemisphere of a primary compo-
nent facing its low mass companion. It is obvious that
this subtle effect will be smoothed out if one deals with
the average light curves in view of the intrinsic light va-
riations. To analyse in more detail brightness changes
during maxima we have approximated full light curves
with the aid of truncated series

n
L(¢) = Y _(A; cosj¢ + Bj sin jo),

=0

(1)

and determined the coefficients A;, B; for 6 nights

for which observational points covered the whole light
curve. The results are indicated for 2 nights in Table
2. In addition in the last lines of the Table we are at-
taching the coefficients of even harmonics of the cosine
truncated series tabulated by Rucinski (1995) which
approximate the light curves of W UMa type binaries
for different angles of orbit inclination ¢, mass ratios ¢
and fill-out parameter f. Figure 1 illustrates typical

Table 2: Coefficients of the truncated series

JD2439000+...
JD467 —A, —As —As —Ay —As —Ag
B 0.022 0.133 0.006 0.024 0.009 0.012
Vv 0.022 0.124 0.007 0.021 0.009 0.011
JD748 —A, —As —As —Ay —As —Ag
B 0.022 0.132 0.011 0.026 0.010 0.011
Vv 0.020 0.123 0.012 0.025 0.008 0.011
f=0.0 - -0.103 - -0.021 - -0.008
f=0.5 - -0.128 - -0.013 - -0.005

results for JD2444477 in V colour. Similar results are
obtained for other 4 nights.

As one can see from the plot there is in general a
good agreement between the observations and appro-
ximation by truncated series except for the phase in-
terval ¢ = 0.95 — 1.05P, i.e. the bottom of the pri-
mary minimum. The coefficients of even harmonics
Ay, Ay, Ag are in good agreement with the values found
from Rucinski’s paper. But in addition to even harmo-
nics considerable odd harmonics are present. Their
sums are C; = A; + As + As. For JD2439748 we
have respectively C1 = —0.043,—0.040 (in B and V),
JD2439467-0.037,-0.038(B and V), JD2439918 - 0.030,
-0.052( B and V), JD2444472 -0.020,-0.034,-0.063, -
0.008 (B,V,R,I respectively), JD2444477 -0.034,-0.033
(B and V). We interpret it as the contribution from
the "hot spot” which would have been best visible at
the phase angle value ¢ = 0.5P but it is hidden (at
least partially) because of the transit eclipse of a more
massive component. The value of C is very close to
the amplitude of the colour curves and the differences
in brightness minima depths.

3. Estimate of the parameters of the hot spot

Displacement of the maxima positions from elonga-
tions along with the pronounced overall asymmetry of
the light curves can be interpreted as an evidence of
an additional energy input (apparently of non-thermal
origin) which affects the regular light variations cau-
sed by the tidal distortions of both components nearly
filling in their Roche lobes. Whatever is the nature of
mechanism responsible for the observed asymmetry, to
cause the displacement in phase of maximum by A¢ an
additional energy input is needed L > C' % A¢ where
the value dl/d¢ can be estimated with the aid of the
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theoretical light curve and the constant C' should be
of order C' ~ 1 — 10. Taking use of the data for the
effective temperatures and the radii of the components
from Hill(1989) we have found L = 2 - 10*%ergs/s and
L =2-10%rgs/s for C =1 and C = 10 respectively.
An average value of the difference between the heig-
hts of the adjacent maxima for the Julian dates given
in Table 1 yields the estimate L = 3.5 - 103%ergs/s.
Next assuming that mutual eclipses and tidal distor-
tions fully determine the shape of the light curve for
a standard limb darkening law we shall attempt now
to estimate the size and the temperature of the puta-
tive spot. In doing that we neglect small differences in
temperature between the component stars (according
to various authors AT ~ 150°K) and the gravity dar-
kening effect. Since in U, B,V colours and even in R
and I we can safely use Wien’s approximation a simple
expression holds for the total luminosity of the binary
in wave-length \; for the phase angle ¢ in orbit

Ln(68) = 55 exp(=5 1) [S1s(6) + Sau(9)]+
¥ S

C2

; exp(———=—) S (),

2
T (2)

where Ty, and Ti, are respectively the effective tem-
peratures of the components and the spot whereas
Sist, S2st, Ssp are projected areas upon the plane of the
sky of the components and the spot. Now introducing
the temperature contrast 07y, = (Ts — Tip/Ts) and
relative area dsp(¢) in units of the total area of a bi-
nary visible at a given phase angle ¢ in orbit we can
easily find that

8o (6) = 0.921034 [Amy j(p,0)—

C2 (STSp

—2.51g(Lx;j(0)/Lx j())] exp(— ATy ) ¥

where Amy ; = my ;(¢) —my;(0) is the observed dif-
ference in stellar magnitudes of VW Cep for phase
angles 0 and ¢. Taking the data for the full ampli-
tude of the light curves in U,B,V R I from the paper of
Linnell (1980) the orbital elements from the paper of
Hill(1989) and calculating from the model light curves
Ly ;(0)/Lx;(¢) we arrive at the below-given values for
dsp (¢ = 7/2),(see data in Table 3) for different assumed
values of the temperature of the hot spot. Applying (3)

Table 3: Relative size of the hot spot
Tsp(K) U B A% R I

6000 0.063 0.053 0.041 0.038 0.020
7000 0.021 0.024 0.023 0.023 0.016
8000 0.012 0.014 0.014 0.017 0.012

to the luminosity of VW Cep, for instance, in B and V

colors we have the following relation between the rela-
tive size of the hot spot dsp(¢p) and the colour change
A(B — V) between maximum and primary minimum

Co (STSp

1
A(B—-V) = 1.0860sp [eXp(—CQ(S—p) —exp(
Av Tsp

T )]

(1)
Because of a crude nature of the estimate we have ne-
glected possible differences in the size of the spot in dif-
ferent colors when deriving relation (4). Applying it to
different colors we find the amplitudes of color changes
for different values of Ty,. The results are summarized
below in Table 4. In the last line the average observed
values are indicated for VW Cep. As we see there is a
good agreement between the observed and model color
indices, if one assumes that Ty, = 7000°K. The deri-

Table 4: Full amplitudes of colour changes

To(K) AB-V) AWU-B) AV -R AWV-I)
6000 0.020 0.031 0.016 0.10
7000 0.038 0.070 0.029 0.049
8000 0.057 0.117 0.040 0.064
Aops 0.040 0.072 0.030 0.044

ved parameters of the hot spot depend on the adopted
orbital elements, notably on the value of fill-out para-
meter f. The above-given values of & were obtained
assuming f = 0.05. However, the results are not speci-
ally sensitive to the assumed value of f. For instance
if one takes f = 0.4, one finds § smaller by about 20
per cent than those given-above.

To verify how the hot spot with the above-given pa-
rameters can be helpful in interpreting the observed
light curves of VW Cep we used commercially availa-
ble computer package BINARY MAKER and modelled
with its aid the light curves of VW Cep assuming the
orbital and physical parameters from Hill (1989) and
changing only the inclination angle ¢ ~ 65° — 67°.

We have found the best fit for the following values
of the hot spot parameters:Rg, = 7° £ 1°,0T/T ~
1.35 — 1.4,L3 = 0.02 — 0.03 (the third light),f =
0.05,1 = 80° &+ 2°,x = 357° £ 2° (I being the lati-
tude and x the longitude of the centre of the hot spot
upon the surface of more massive component). Fi-
gure 2 illustrates results for light curve in V' for Julian
date 2439467. Although the agreement between the
observed and model light curves is not fully satisfac-
tory, we see that the model light curves reproduce the
observed phase displacements of maxima and produce
the overall observed pattern of asymmetry.

We find especially encouraging that the derived va-
lue of the temperature of the hot spot is practically
coincident with the temperature needed to generate
MgIT\2795,2802A strong resonance doublet feature,
whereas both the flux in this feature and the phase
of its maximum are in good accord with the above
given estimate of the luminosity of the hot spot and
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its location(for details see Pustylnik 1995 and the
graphical data in Bradstreet and Guinan 1990 for
MgITA2795,2802A and H, line composite profile). To
summarize, we find the proposed hot spot is an essen-
tial cohesive element of the model for VW Cep because
it solves an old enigma of the color changes on one
hand and gives natural explanation to small differen-
ces in depths of minima for practically equal effective
temperatures of the components on the other. With its
application the discrepances between the photometric
and spectroscopic data find natural explanation.
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Fig. 1. Observed V light curve of VW Cephei

for J.D.2444477 and approximation by truncated se-
ries(see formula (1) in text).
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Fig. 2. Observed V light curve of VW Cephei for

J.D.2439467 and the model light curve assuming pre-
sence of a small hot spot upon the surface of the pri-
mary component close to the neck region.The physical
parameters and location of the spot are given in the
text.



