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Abstract. The photometric flux of chromospherically active, spotted stars generally becomes redder and fainter when large
starspots rotate into view on the stellar disc. However, some of the most active RS CVn systems show a bluer flux as they
get fainter. Modelling of one such system (UX Ari) has shown that hot, bright, photospheric facular regions accompanying
the cool, dark spots on the cooler, more active component are a possible explanation. The bluer flux of the hotter, less
active component does not appear to be sufficient to explain the observed behaviour. We have begun a search for additional
chromospherically active stars with a similar relation between colour and brightness, to investigate whether these relations
can be explained in the same way. Our results for V711 Tau and RS CVn are presented here, and we conclude that the

photospheric faculae remain the most probable explanation for the observed behaviour.
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1. Introduction

Some of the most active, late-type binary stars, e.g. UX Ari,
V711 Tau and MM Her, show a bluer photometric colour
with fainter photometric magnitude (Catalano et al. 1996;
Tas, Evren & 1ban0glu 1999; Aarum Ulvas & Henry 2003);
opposite to what one would expect from stars covered by cool
spots. Amado (2003) found that active giants (from chromo-
spherically active single-lined spectroscopic binaries) with
spectral types later than G8 have a bluer B — V' colour than
inactive giants of the same spectral type. The effecton B —V
is smaller than the one on U — B reported by Amado &
Byrne (1997). The most probable explanation, according to
both papers, is a facular component in the photosphere of the
active star. Previously published modelling of the RS CVn
system UX Ari (Aarum Ulvas & Engvold 2003) has shown
that photospheric faculae are a likely explanation, rather than
the bluer flux of the hotter, unspotted companion becoming
more dominant as the active regions of the cooler, active star
rotate into view.
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We have begun a search for other active stars with the
same relation between colour and brightness to investigate
likely explanations. Our results on two other RS CVn bina-
ries, V711 Tau and RS CVn, are presented here.

V711 Tau (HR 1099, HD 22468) is one of the most ac-
tive and well studied RS CVn stars. The spectroscopic binary
is the primary (A) component of the visual binary ADS 2644
and consists of a K1 IV primary component and a G5V sec-
ondary component. The secondary component of the visual
binary, ADS 2644B, is a K3V single star located 6” away
in the sky. In our discussion we follow the notation used by
Fekel (1983): Components Aa and Ab refer to the more ac-
tive K1 IV primary component and the less active G5V sec-
ondary component, respectively, of the spectroscopic binary.
Component A refers to the primary component of the visual
binary (i.e. ADS 2644A) and will also be used for any com-
bined properties of Aa and Ab. Finally, component B refers
to the K3 V secondary component of the visual binary.

RS CVn (HD 114519) is the prototype of the class of ac-
tive stars that bears its name. The class was first defined by
Hall (1976). RS CVn is a spectroscopic binary where the pri-
mary and secondary components have spectral classifications
K21V and F5V, respectively.

(©2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



V. Aarum-Ulvas and G.W. Henry: Modelling the colour-brightness relation of chromospherically active stars 293
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Fig. 1. (online colour at www.an-journal.org) Modelling the colour-brightness relation of V711 Tau. The differential magnitude AV along
the abscissa is measured relative to the brightest observation. The differential colour A(B — V') along the ordinate is measured relative to
the mean colour of those observations having AV < 0.05. The observations are represented by grey x symbols. The modelling results
are represented by open or filled circles with varying sizes, and red or blue, solid or dashed lines. Filled circles and solid lines represent
models where the active regions consist of cool spots only. Open circles and dashed lines represent models where the active regions of
component Aa consist of both spots and faculae. Red lines represent models where the active regions are at the same phase on both
components. Blue lines represent models where the active regions are at opposite phases on the two components. Along both the red lines,
the circle size reflects the relative stellar surface area of the active regions. The plotting circle where the blue lines intersect, corresponds
to the case where only the active regions of component Ab are visible (with maximum extension). The largest plotting circles along the
blue lines (the filled one being outside the plot) correspond to the case where only the active regions of component Aa are visible (with
maximum extension), i.e. half a rotation later.

2. Modelling the photometric observations Table 1. Stellar, spot and facular parameters used in the V711 Tau
model calculations. The temperature 73 and radius R were taken

from Gray (1992), given its K3V spectral classification. 75 is the

We used a slightly modified version of the modelling tech-
nique described by Aarum Ulvas & Engvold (2003) to cal-
culate the change in photometric magnitude and colour for
V711 Tau and RS CVn when active regions rotated into and
out of view. The modelled active regions would consist of
either cool spots only or a combination of cool spots and
hot, photospheric faculae. The calculated changes in magni-
tude and colour were subsequently compared to the observed
range in magnitude and colour of the star systems.

The model calculated the differential magnitude AV and
the differential colour A(B — V) in the sense spotted sys-
tem minus unspotted system. The total flux of the system
was first calculated as a function of wavelength, and then
we used the photometric transmission coefficients described
by Bessell (1990) to obtain the Johnson B and V' magni-
tudes. The flux calculations used the stellar, spot and facu-
lar parameters listed along with their sources in Table 1 (for
V711 Tau) and Table 2 (for RS CVn).

The observations were obtained with the T3 0.4 m au-
tomatic photoelectric telescope (APT) at Fairborn Observa-

spot temperature. The facular temperature 7; was set 250 K higher
than the Aa effective temperature 7'a,, consistent with previous
modelling (Aarum Ulvas & Engvold 2003).

Parameter Source

Tao = 4800 K  Garcia-Alvarez et al. 2003
Raa =33Res  Garcia-Alvarez et al. 2003
Tap = 5400 K Garcia-Alvarez et al. 2003
Rapr = 1.1Rs  Garcia-Alvarez et al. 2003

Ts = 4925 K Gray 1992

R =0.73Rs  Gray 1992

Ts = 3800 K Garcia-Alvarez et al. 2003

T = 5050 K Aarum Ulvas & Engvold 2003

tory! (Henry 1995a, 1995b) operated by the Tennessee State
University. Parts of the V711 Tau observations have been
published by Henry et al. (1995), and parts of the RS CVn
observations have been published by Eaton et al. (1993). The
observations were obtained using a 55” diaphragm, which
implies that the observations of V711 Tau include compo-

! http://www.fairobs.org/
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Fig. 2. (online colour at www.an-journal.org) Modelling the colour-brightness relation of RS CVn. The differential magnitude along the
abscissa and the differential colour along the ordinate are measured relative to the brightest observation. As in Fig. 1, the observations
are represented by grey x symbols, and filled circles and solid lines represent the ‘spot-only’ case, whereas open circles and dashed lines
represent the ‘spot-and-faculae’ case. The sizes of the plotting circles reflect the sizes of the active regions. The line colours are explained
in the figure, and the default parameters are the ones listed in Table 2. ‘Cooler spots’ means models with 75 = 3000 K, i.e. 450 K cooler
than default. ‘Cooler faculae’ means a model with T; = 4733 K, i.e. 50 K lower than default, and 200 K hotter than the photosphere.

Table 2. Stellar, spot and facular parameters used in the RS CVn
model calculations. The temperatures 77 and 7> and the radii R
and Ro were taken as the averages of the two sources. The facular
temperature 7t was set 250 K higher than the effective temperature
T4 of the primary component, consistent with previous modelling
(Aarum Ulvas & Engvold 2003).

Parameter Source(s)

Ty =4533 K Reglero, Giménez & Estela 1990;
Eaton et al. 1993

R, =385Rs Reglero et al. 1990; Eaton et al. 1993

To =6510K Reglero et al. 1990; Eaton et al. 1993

Ry =1.89Rs  Reglero et al. 1990; Eaton et al. 1993

Ts = 3450 K Eaton et al. 1993

Ty = 4783 K Aarum Ulvés & Engvold 2003

nent B. This component was therefore also included in our
modelling. The reduction procedure of the T3 data has been
described in several papers, e.g. Henry et al. (1995).

The observed changes in magnitude and colour of active
stars are the result of the rotation of a spotted stellar surface.
Our model mimics the rotational modulation by varying the
relative areas of the active regions.

3. Results

In order to compare the modelling results to the observations,
we transformed the observed V' magnitude to the differential
magnitude AV in the sense observed magnitude minus the
brightest observed magnitude. The observed B — V' colour

(©2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

was transformed to the differential colour A(B — V) in the
sense observed B — V' minus a zero-point value of B — V.
The zero-point B — V' value was taken as the average B — V
of the brightest measurements (see Figs. 1 and 2 for how the
zero-point values were derived for V711 Tau and RS CVn,
respectively). The brightest observation is the closest we can
get to an unspotted system in the data.

3.1. V711 Tau

V711 Tau is different from UX Ari in the sense that also
the secondary component (V711 Tau component Ab) shows
strong enough spot activity to be mapped by Doppler imag-
ing. Garcia-Alvarez et al. (2003) mapped the spot distribu-
tions on both components Aa and Ab simultaneously and
found that both stars were spotted. The modelling in the
present paper was done in two cases:

1. The active regions lie at the same phase on both stars.
2. The active regions lie at opposite phases on the two stars.

Only the later and more luminous Aa component was as-
sumed to have faculae, following the findings by Amado &
Byrne (1997) and Amado (2003).

The modelling results are presented in Fig. 1. We see that
the models where the active regions consist of spots only
(filled circles and solid lines) cannot explain the observed be-
haviour, even when the Ab component is unspotted as the
spots on the Aa component are in view (blue, solid line). The
bluer flux of the hotter Ab component appears to be insuffi-
cient to compensate for the redder flux of the starspots.
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In both cases with faculae (open circles and dashed lines)
the modelling results fall within the observed range in colour.
It is hard from Fig. 1 to distinguish between the two cases
mentioned above, represented by the red and blue dashed
lines.

3.2. RSCVn

RS CVn is different from both UX Ari and V711 Tau in the
sense that the secondary component is &~ 1000 K hotter and
has ~ 0.8 R larger radius. This makes the two RS CVn com-
ponents more equal in terms of B and V' band flux. Only the
brighter, cooler primary component was assumed to have ac-
tive regions in the modelling.

The modelling results are presented in Fig. 2. We see that
the models where the active regions contain spots only (filled
circles and solid lines) result in a too red colour compared
to the observations. This is the case even when the spots are
made cooler than default (green line and circles). Also, the
minimum magnitude is too faint in both cases.

The model that best fits the observations, is one where the
active regions contain both spots and faculae (open circles
and dashed lines). However, the best fit is obtained when the
faculae are made cooler than default (blue as opposed to red
line). This case also reproduces nicely the observed range in
magnitude.

4. Discussion

The fact that both components Aa and Ab show activity
makes V711 Tau particularly interesting, since it results in
a complicated colour-brightness relation as the activity varies
on two stars simultaneously on a timescale of years. In their
Doppler imaging Garcia-Alvarez et al. (2003) found spots
at the same phase on both components. This would corre-
spond to the red, dashed line in Fig. 1. However, the case
of spots at opposite phases (blue, dashed line in the figure)
agrees equally well with the observations. The active regions
on the two components are likely to be visible at the same
orbital phase during some observing seasons, and at opposite
phases during other seasons. This variation in spot location
is likely to cause the large spread in the observed colour for
all magnitudes in Fig. 1. The spread is also suggested by the
dashed lines in the figure. Finally, we note that some mea-
surements towards redder colour with fainter system can rep-
resent cases where the active regions of the Aa component
contain spots only, and no faculae, which was also found for
UX Ari (Aarum Ulvés & Engvold 2003).

All the models of RS CVn in Fig. 2 become bluer as they
become fainter. There are hardly any measurements showing
a redder and fainter system, as was the case for V711 Tau
(Fig. 1) and UX Ari (Aarum-Ulvas & Engvold 2003). The
reason for this is that the secondary component is hotter and
larger than for V711 Tau and UX Ari (see Tables 1 and 2;
the secondary component of UX Ari is similar in temper-
ature and radius to the Ab component of V711 Tau). The
same effect is the cause of the smaller differences between
the models that have (dashed lines) and the ones that do not

have (solid lines) faculae. The flux of the primary component,
and thereby the active regions, is less dominant for RS CVn
compared to V711 Tau and UX Ari. The secondary compo-
nent contributes enough to the total flux to make the system
as a whole bluer as the cool spots of the primary component
come into view. It matters less whether or not the active re-
gions contain faculae. In such cases the modelling technique
used here becomes less able to distinguish between active re-
gions with faculae and active regions without faculae. Still,
the bluer flux of the hotter secondary alone appears not to
be quite enough to explain the observed relation. The colour
could be made to fit by making the spots cooler than the ob-
served spot temperature (suggested by the green, solid line
in Fig. 2), but the side effect is that the minimum magnitude
becomes far too faint compared to the observations. The ob-
served range in colour and magnitude are much more easily
reproduced simultaneously when faculae are included in the
model.

Hot faculae surrounding cool spots appear to be necessary
to explain the observed relation between photometric magni-
tude and colour in the most active of the chromospherically
active stars. However, the stars that have been examined so far
(UX Ari, V711 Tau and RS CVn) are all binary stars with a
relatively bright secondary component. If this is indeed a fac-
ular effect, it should be observed also in binaries with faint
secondary components as well as in single stars. Future work
will aim to answer this question and investigate other possible
explanations for the effect (Aarum-Ulvas et al., in prep.).
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