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Abstract. A sequence of AR Lac seasonal light curves coveproposed models for the connection between magnetic activity

ing the period 1967-1992 is analysed in the framework of tlaed orbital period variations.

starspot hypothesis to derive the spot distribution and evolution

on the component stars. The adopted approach makes use okéewords: stars: activity — binaries: close — stars: individual

Maximum Entropy and Tikhonov principles to compute mapg#R Lacertae) — starspots

of the stellar photospheres exploiting also the eclipse scanning

technique. Reliable results on the distribution of the spotted ar-

eas can be derived through a critical comparison of the maps

obtained by the above quoted regularizing criteria. Satisfactory

fits are computed assuming that spots are located on the_phﬂ%troduction

spheres of both components and that their unspotted luminosity

ratio in the V band is% =0.59+ 0.03. AR Lacertae (HD 210334, BD +453813) is an eclipsing bi-
The derived yearly spot distributions are analysed to inary (G2 IV + KO 1V) belonging to the RS Canum Venaticorum

fer general activity characteristics. The spot patterns appeackass of variable stars first introduced by Hall (1976). Such a

consist of two components, one uniformly and the other noglass comprises binary systems showing the characteristic sig-

uniformly distributed in longitude, the latter suggesting the pregatures of an intense solar-like activity with energy scales and

ence of preferential longitudes. Starspots at latitudes higher tiiax variations up to two or three orders of magnitude larger than

~ 50° are not needed to reproduce the photometric modulati@m the Sun (Linsky 1988, Guinan & Gimenez 1993, Strassmeier

On the less luminous primary we find evidence for quite comet al. 1993 and references therein).

pact spotted areas-(30° — 40° in diameter) which are occulted  In addition to intense and time variabledtiCa Il H&K and

during primary eclipses. On the more luminous and larger sédg Il h&k emissions, AR Lac shows an out-of-eclipse light

ondary, spots cluster preferentially around longitude$0°, modulation in the optical band, as well as radio, EUV and X-ray

~ 18 (i.e., around the substellar point) and300° without emissions with variations on several time scales (e. g., Rbdon

showing evidence for a regular migration. The variation of theg al. 1986, Walter et al. 1987, Strassmeier et al. 1993, Ottmann

spotted area does not give a significant evidence for an activdtyal. 1993, Ledvre et al. 1994, Mutel et al. 1993, Ottmann &

cycle on the primary, whereas a possible modulation on a tifsehmitt 1994, Christian et al. 1996).

scale of about 17 yr may be present on the secondary. Due to its brightness in all spectral domains, from X-rays to
The spatial association among photospheric spots and chindrared and radio (Lefvre et al. 1994, Mitrou et al. 1996), the

mospheric and coronal plages (as detected in the UV and X-ggsence of eclipses and the short orbital period-of.9832

spectral domains) s significant for the large active region arouddys, AR Lac is an ideal candidate for spatial and time resolved

the substellar point on the secondary and is suggested also fosthiglies of the atmospheric structure of RS CVn binaries and has

smaller starspots on the secondary and primary componentfeen purposely observed for more than a decade (e. g., Walter
A possible relationship between the orbital period modet al. 1983, Rodai et al. 1987, Walter et al. 1987, Neff et al.

lation with a period of~ 35 yr and an activity cycle on the 1989, White et al. 1990, Ottmann et al. 1993, Singh et al. 1996,

secondary component is tentatively suggested and, if confirm&ahistra et al. 1996, Siarkowski et al. 1996).

by future observations, can provide further support to recently All those studies were developed within the framework of

the solar-stellar connectioni. e., by adopting the observed
structure of the outer solar atmosphere as a paradigm to interpret
Send offprint requests talanza@alpha4.ct.astro.it stellar observations. Such an approach has proved very fruitful
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in the analysis of stellar data, but a more detailed comparisire brightness of which is allowed to vary continuously within a
requires to go beyond a purely phenomenological approacipriescribed range. Such a model allows many different solutions
e., toward a comprehensive model on generation of magnatichin a specified,? level. In order to select one of the possible
fields and their role in the dynamics and non-radiative heatisglutions, we have to introduce some kind of a priori assump-
of the outer atmosphere. A fundamental contribution can ben. We shall adopt the maximum entropy and the Tikhonov
given by a detailed picture of the activity in the best studieggularization criteria. These criteria are the most popular in the
RS CVn systems for which sequences of data extending ofieid of active star mapping and are useful when no detailed in-
one or two decades are available. In particular, wide-band ofitirmation on the distribution of the active regions is available,
cal light curves usually form the most extended and continucas in our case (Vogt et al. 1987, Piskunov et al. 1990, Cameron
data base suitable for the study of the photospheric temperatl®82). We shall obtain fits with both criteria in order to recog-
inhomogeneities, to which the out-of-eclipse flux modulationize the artifacts in the maps introduced by their specific a priori
is attributed. Such surface inhomogeneities are called starsggsumptions.

and are considered as stellar analogues of sunspots or sunspothe results obtained by the present approach include a bet-
groups, but with a much larger area (Mullan 1974, Eaton & Hakr determination of the unspotted luminosity ratio of the com-
1979, Byrne 1992, Solanki 1996). By a suitable analysis of ggsnents of AR Lac and a characterization of their activity. We
quences of wide-band optical light curves, itis possible to derigenfirm the existence of active longitudes and the lack of a long-
the variation of the area covered by starspots and the existetezen migration of the spot pattern, as well as an activity cycle
and period of a stellar activity cycle. Moreover, the presenoa the secondary component, suggested in a preliminary study
of active longitudes and their migration may provide informgLanza et al. 1995). On the basis of these new results, the rela-
tion on stellar dynamos and differential rotation regimes (e. gignship between magnetic activity and orbital period variations
Catalano 1983, Rodanet al. 1995, Rodan & Lanza 1996). is also addressed.

The positions of the largest photospheric magnetic flux concen-

trations, corresponding to starspots, can also be compared vﬁma)bservations

the longitudes of the plages and flares detected in the chromo-

sphere, transition region and corona, allowing us to check t@r data set consists of 20 yearly light curves of AR Lac ob-
solar paradigm also from the point of view of the spatial andined from 1967 to 1992. Previous light curves were disre-
temporal association of activity in different atmospheric layetarded because the AR Lac magnitudes were derived from vi-
(Rodoro et al. 1987, Catalano et al. 1996). sual or photographic estimates or the comparison star was HD
In the light of these considerations, the present study of thg9813 (BD +46 3572), lately recognized as the variable HK
optical light curves of AR Lac is aimed at a better understandingc by Blanco & Catalano (1968, 1970). In the present analysis
of its hydromagnetic dynamo and the relationship among mage consider only the V band light curves because they are the
netic structures in different atmospheric domains. The methgfbst complete and homogeneous.
adopted is a refinement of that already proposed for the study of |n addition to the standard correction for atmospheric extinc-
the prototype RS Canum Venaticorum (Rod@tal. 1995) and tjon, all our magnitudes are referred to HD 208728 (BD %45
is particularly suited for a comparison with the results obtaing¥41), the comparison star adopted by Rarlenal. (1986). In
in other spectral domains (e. g., Neff et al. 1989, White et giable 1 we present for each yearly light curve the mid epoch of
1990, Pagano et al. 1996, Siarkowski et al. 1996). the observations, the number of normal poirtg)( the aperture
The information on the geometry of the surface inhomef the used telescopeX;), the photometric system (I instru-
geneities provided by wide-band flux modulation is usualiwental, S standard UBV), the ephemeris adopted to compute
limited to an evaluation of their projected area vs. longitudghe phase of the light curve and the literature reference.
The situation is significantly better in the case of an eclipsing Due to the orbital period being very close to two days, it
binary system because during the eclipses the disk of the ecligsdifficult to obtain a good phase coverage of the light curve
ing component scans the disk of the component being eclipsggm a single observing site. Therefore points which appear to
thus increasing the spatial resolution allowed by standard flg¥ near in phase could have been obtained after an interval of
data (e. g., Spruit 1994). several weeks or a few months, during which the system might
In order to take full advantage from the eclipse scanninghve undergone significant variations.
technique it is important to adopt a model which does not con- |ndeed AR Lac is a very active RS CVn system and out-
strain a priori the shape of the spotted areas and their brightngsgclipse light variations up to 0.05 mag have been detected
distribution. Light curve fits based on too restrictive hypothen the course of a single night. This intrinsic variability seems
ses may be affected by systematic errors, in particular durighave a somewhat larger amplitude during primary minima,
eclipses, or require a variation of the effective temperature \ghen only the KO IV component is visible. Srivastava (1986)
the unspotted photosphere or a spotted polar cap to accountfgiied in detail such variations in the V and B bands, attribut-
the different mean magnitudes in different seasons (Ro&bn ing them to flares with timescales of 10-100 minutes. Due to
al. 1986, Kang & Wilson 1989). the unfavourable orbital period and intrinsic light variations, a
In the present paper we adopt a model with very genegnificant part of our light curves shows both phase gaps and
assumptions. Each star is divided into several hundreds pixglgje dispersion of the observations with an intrinsic standard
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Table 1.V-band light curves of AR Lac.

Light Mid Epoch M  Dr P Min. Epoch Reference
curve  (JD —2400000) (cm) HJD-2400000

1967 39785.4233 66 30 I 39783831+ 198322300x £ present paper
1968 40089.4767 196 30 | 3978297 +198322300x E  present paper

1970 40667.8430 92
1973 41865.7818 679 46

3756®77 + 198320900x £  Babaev (1974)
3934855 +198319870x E  Chambliss (1976)

|
1975 42725.3431 233 38 S 3937828 +198319100x E  Srivastava (1981)
1977 43396.8351 663 40 | 3934856 + 198319870x E Nha & Kang (1982)
1978 43744.2574 637 48 | 4361867 + 198318235« EF  Kurutac et al. (1981)
1979 44100.5160 334 48 | 43610867 +198318235<x £ Kurutac et al. (1981)
1980 44473.4440 434 48 | 4361867 +198318235<x £  Ertan et al. (1982)
1981 44883.6022 336 48 | 4361867 +198318235< £  Ertan etal. (1982)
1982 45290.8585 305 48 | 4360818 + 198318235x £ Evren et al. (1983)
1983 45636.8306 99 25-91 S 47268869 +198317400x EE  present paper
1984 45948.7671 53 91 S 47268869 +198317400x E  present paper
1987 47057.2783 107 30-91 S 4728869 +198317400x E  present paper
1988 47465.8115 67 25 S 4728869 +198317400x £ present paper
1989 47776.2998 142 25-91 S 4728869 +198317400x E  present paper
1990 48183.2939 176 25-91 S 4728869 +198317400x E  present paper
1991 48520.2529 142 25-91 S 4728869 +198317400x & present paper
1992a 48827.0000 43 25-80 S 47XRE69 +198317400x E  present paper
1992b 48934.5000 68 25-80 S 4728869 +198317400x E  present paper

deviation of~ 0.02 — 0.03 mag. In order to avoid a loss ofcases by selecting the surface map which minimizesthbut
information by averaging such variations, whenever possitdach an approach is highly unsatisfactory because most of the
the available observations were not averaged into normal poistsictures appearing in the map will result from the modelling
for the subsequent analysis. Moreover, all points in the AR Lat the noise present in the data and are not related to any real
light curves were given the same unity weight, whereas in tpattern on the star. Moreover, the solution which minimizes the
previous analysis of the RS CVn light curves we used normegd is usually highly unstable, i. e., small variations in the input
points with different weights (see Rodbet al. 1995). data induce very large changes in the solution. It is possible to

The brightest magnitude of AR Lac from our light curveeduce the influence of the noise on the map and increase that
sequence turned out to be,, = 6.030+ 0.005 at orbital phase of the signal by establishing a priori& limit for the fit, greater
0.7395 in the 1987 light curve. This value is assumed as ten the minimum. The main drawback of this approach is that
magnitude of the unspotted system at phase 0.7395, thus estad-solution is not unique, i. e., many (virtually infinite) maps
lishing the magnitude scale calibration for the subsequent lightthe light curve within the givern? limit.
curve modelling. It is possible to select a unique and stable solution if some

The V-band data from Catania Observatory used in tlepriori assumption on the properties of the picture elements
present paper will be described in detail in a forthcoming pap@gixels) of the map is introduced (e. g., Nityananda & Narayan
dealing with long-term UBV photometry of AR Lac. 1982, Tikhonov & Goncharsky 1987).

There are two main a priori assumptions which have been
widely used in the field of active star mapping: the maximum
entropy criterion (hereinafter ME, e. g., Gull & Skilling 1984,
The reconstruction of a surface map of an active star using pRegt et al. 1987) and the Tikhonov criterion (hereinafter T, e.
tometric data alone is an ill-posed problem. The wide band flgx Piskunov et al. 1990).
modulation provides information only on the distribution ofthe  The implementation of these regularization methods has
projected spotted area vs. phase, i. e., stellar longitude, whetggasn made starting from the computational tools applied for the
a unique mapping requires information both on longitude aa@alysis of the light curves of RS CVn (Rodbet al. 1995). For
latitude. In the particular case of an eclipsing binary systegalculation purposes, the photosphere of each of the two stars
eclipses increase the information on the hemisphere of the gcdivided intoV surface squared elements (hereinafter pixels)
tive star being occulted, but the reconstruction problem st sides. Therefore pixels from 1 t&7 map the first component

remains ill-posed even in the most favourable cases. whereas pixels fronV + 1 to 2V map the second component.
As a matter of fact, one can obtain a unique solution in most

3. Spot modelling technique
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The contribution of the pixel to the observed wide-band fluxwhere the sum is extended over the pixels belonging té-ite

F; at orbital phasg can be written asAF); = R;;1;, where star,w; is the relative area of theth pixel of the star (total

R;; is an element of theesponse function matriR relating the area of the star = 1)n the default spot covering factor which

observed wide-band flux to the photospheric brightness of ttietermines the limiting values fgg: m < f; < (L—m). Inall

components (e. g., Vogt et al. 1987) ahds the specific inten- our computations we have adopted:= 106,

sity of thei-th surface element at the given isophotal wavelength The Tikhonov functional’ measures the smoothness of the

(Golay 1974). Therefore, the observed flux at phaise map of a star and is defined in the case of a continuous covering
factor f(0,1) as:

2N
F; =Y Rjil; o afrN? . 1 (ar\?] .
i=1 T—// [(39> +sin20 (8l) sinfdodl (5)

The elements of the response function matrix are computed u%-

ing the computer code for the synthesis of binary system IigW eref) and! are the colatitude and longitude and the integration

curves described by Lanza et al. (1994). It assumes that stelfafXtended over the photosphere of the star (Piskunov et al.

photospheres are triaxial ellipsoids of semi-axgshy, andc;, 1990). In our model the numerice_tl expression of the Tikhonov
(k = 1, 2), respectively, and treats ellipsoidicity, gravity darkerunctional for thek-th component is:

ing and the geometry of the reflection effect according to Kopal _ 5

(1959). The physics of the reflection effect is treated assumiﬁ@ - Z Z ginlfi = fn) 6)
black-body re-irradiation with given bolometric albedo.

Once the matriR has been evaluated, a suitable algorithighere the external sum is over the star's pixels, while the in-
must be applied to solve for the brightness vedtgiven the ner one is over the neighbour pixels of thth pixel. A generic
ill-conditioned nature of the problem defined by Eq. (1) alonﬁixd has up to four neighbours, two with the same latitude
We construct a regularized solution by finding the appropriate,q two with the same longitude. The factgy, is given by:

extreme value of the entropy or Tikhonov functionals, subjegt = 1(,,. +4,,) when the pixels-th andn-th are at the same

to the condition of a given¢= limit (e. g., Press et al. 1992, 101 itude, andy;,, = 25ir1?o,- (w; +w,) when the pixels are at the

Cameron 1992). As a mapping parameter, we choose the %H}Ee colatitudeé. .

covering factorf;, that is the fraction of thé-th pixel covered The regularized solution is obtained by a constrained min-

by spots. It is more adequate as a mapping parameter thaniﬁtﬁ?ation of the functionals (cf., e. g., Vincent et al. 1993):
temperature because it guarantees the additivity of the image

i n(i)

entropy (Cameron 1992). Que = X2 — Me(S1+52) (7)
The surface intensity of thieth pixel is a function of its spot

covering factorf; according to: for the ME criterion, and:

I = fils + (1 — fi)lu 2) Qr=xX*+I(T1+T2) (8)

wherel, is the brightness of the spotted photosphere ofie for the T criterion, where\ = Ay;p > 0 orA = Ar > O'is the
pixel andI,, the corresponding unspotted brightness. They dr@9range multiplier. The adopted algorithm is a version of the
computed using the empirical photospheric flux distributioff®njugate gradient method developed by Byrd et al. (1994) and
given by Poe & Eaton (1985), including also the effects of tHEplemented by Zhu et al. (1994).

limb and gravity darkenings. When) = 0 the solution minimizes thg?, but it is severely
The x2 corresponding to a given surface distribution of thaffected by noise and instability. By increasing the valug.of
spot covering factor is defined as: the x? increases and the solution becomes unique and stable.

The features of the map are determined as a combination of the
1M (F: — D)2 information coming from the data and the a priori assumptions,
2= i Z = (3) while the value of\ quantifies the relative weights of such two
j=1 95 sources of information (see, e. g., Titterington 1985, Narayan
& Nityananda 1986). We select the most appropriate value of
where]/ is the total number of observations in the light curveyy a careful inspection of the fit, because the usual criterion of
Fj the flux at the phasg-th computed by Eq. (1) adopting thefixing a limiting 2 is not completely satisfactory in the case of
surface intensity resulting from Eq. (2), any is the observed 3 wide-band light curve, whose noise level is not exactly known

flux at the phasg-th with standard deviation; . a priori. Specifically, we consider the distribution of the residu-
The functional form we have assumed for the entrSppf  als between the computed and the observed fluxes, which, due
the surface map of star(k = 1,2) is: to the a priori assumptions, is not that expected from the pure

\2 statistics, the difference becoming the larger, the greater the
Sy = — Zwl |:fi log fi +(1— f;)log - fi) (4) Vvalue of (Bryan & Skilling 1980). From the analysis of the
- m

(1-m) residual distributions obtained for differefs, we determine
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Table 2. Geometrical and physical parameters adopted in modellingible 3. The Lagrangian multipliers and th¢ of the light curve fits

the AR Lac light curves with ME and T regularizing criteria, respectively.
Orbital Elements of AR Lac
Lightcurve Auve  Xie e X%
Element Ref”)
1967 0.5 0.686 9.0 0.679
1968 1.0 0.228 90.0 0.276
Semi-major axis 1.00 1970 1.0 1533 360.0 1.557
Eccentricity 0.00 1 1973 05 0461 360.0 0473
Inclination (deg) 87.0 1 1975 1.0 1.258 40.0 1.254
Time of conjunction  mid primary eclipse 1977 05 0776 90.0 0.825
Period (day) ~ 1.983 1 1978 1.0 0.264 9.0 0.180
1979 0.5 0549 90.0 0.580
1980 0.5 0.286 9.0 0.274
1981 0.5 0.192 9.0 0.172
1982 0.5 0455 40.0 0.477
Stellar and Model Parameters 1983 05 0.127 90 0.114
1984 0.5 0.075 40.0 0.088
1987 0.5 0501 40.0 0.577
1988 0.5 0.186 9.0 0.180
Stellar Parameter G2IV KOOIV R¢t) 1989 10 0816 900 0.792
1990 1.0 0.256 40.0 0.228
. L 1991 1.0 0.415 40.0 0.319
Ell!pso!d sem!-ax!m 0.1680 0.3160 1,7 1992a 1.0 0.123 90.0 0.050
Ell!pso!d sem!-ax!sb 0.1666 0.2998 1,7 1992b 1.0 0.196 400 0.121
Ellipsoid semi-axis: 0.1658 0.2930 1,7
Mass (Mo = 1) 1.23 1.27
V band fractional luminosity  0.371 0.629 7
Linear limb darkening 0.65 0.80 2 . . _
Gravity darkening 0.25 0.25 3 particular, we shall estimate the variations of th& for the
Bolometric albedo 1.00 0.30 3,5 ME solutions, for which an analytical expression can be de-
Albedo in the V pass band 1.01 0.28 7 rived assuming that the variations of the observed fluxeare
Bolometric correction (mag) ~ -0.04  -0.30 4 uncorrelated and thatis constant (see Sect. 5.1).
Effective temperature (K) 5560 4820 1,5
Starspot temperature (K) 4100 3450 6

4. Model parameters

(%) The references are as follows: [1]: Popper (1990); [2]: Al-Naimifll of the solutions have been computed using a map pixel side
(1978); [3]: Eaton et al. (1993); [4]: Allen (1973); [5]: Gray (1992);s = 18 for both components. Since infrared photometry to con-
[6]: Poe & Eaton (1985) and Eaton (1992); [7]: present paper. Whetrain spot temperature is not available, in the empirical surface
two references are quoted, the adopted value is a weighted mean ofiilig relation given by Poe & Eaton (1985) we have assumed
data given in the two sources. V — R = 0.52 for the unspotted photosphere of the G2IV pri-

mary andV — R = 1.0 for its spotted photosphere and@0 and

1.5 for the corresponding values of the KOIV secondary. Such
the appropriate Lagrange multiplier as the greatest value givivejues are appropriate for the approximate effective tempera-
a distribution which does not appreciably differ from the norméalires listed in Table 2 together with the other model parameters.
one (i. e., by more thar 10), particularly during the course of They were derived from the quoted references, except for the
eclipses when the information content of the data is higher. fractional luminosities.

An estimate of the errors on the computg® is made dif- In order to fit all the light curves with fixed values of the
ficult by the use of a regularization scheme. In fact it is basstellar fractional luminosities, we redetermined the luminosity
on an a priori constraint and hence systematic errors pre\milio% in the V band, assuming it as an additional free param-
in the present approach. They can be estimated only througéter in the fitting procedure. All the fits were regularized using
comparison of solutions obtained with different regularizatiatne ME criterion with a fixed\,;g = 0.5. By minimizing the
criteria. sum of they?’s of the light curve sequence, we derived the best

For a given regularization criterion and the correspondinglue for the luminosity ratio in the V passband:
solution, it is only possible to estimate the variations of tlie
produced by a variation of the observed fllix at constan®\, Loy

obtaining an estimate of the stability of the given solution. I .- =059+0.03 ©)
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The quoted uncertainty is an estimate of the standard deviatthe maps regularized with the T criterion. Those maps are the
of the ratio, computed by assuming a mean uncertainty of 0.§@oothest maps which fit the light curves. They show that sev-
mag for the normal points. The above luminosity ratio leads &val details in the ME maps are not actually needed by the data.
the fractional luminosities reported in Table 2. The T maps of the primary usually agree quite well with the
The fractional radius adopted for the secondary componeatresponding ME maps in spite of the fact that the photometric
is slightly larger than the value given by Popper (1990), but stittodulation is dominated by the larger spots on the more lumi-
within the uncertainty of Popper’s determination. The adoptedus secondary. Only those spotted structures on the G2IV star
value slightly improves the fit of the minima of our ellipsoidaivhich are needed to reproduce the descending and ascending
model. branches of the primary eclipses can be regarded with confi-
dence. Structures at longitudes corresponding to phases out of
primary eclipse should be considered with some caution.
5. Results The most prominent features on the photosphere of the pri-
mary are the dark and compact spotted areas which are occulted
during primary eclipse (cf., e. g., the 1979, 1980, 1987 and 1988

The light curve fits we obtained with the model parameters list6taPs). They have diameters betweefi 80d 40 also on the

in Table 2 and the ME criterion are shown in Figs. 1 and Z, maps, i. €., comparable to the geometrical resolution of the
whereas those obtained with the same parameters and the Teipse mapping, and suggest that even smaller, solar-sized spots
terion are shown in Figs. 3 and 4, respectively. The correspofigy be present on the G2 star.

ing values of the Lagrange multipliers and /s are listed in The features on the ME and the T maps of the KOIV sec-
Table 3. Thex®'s were computed assuming = 2 x 10-2F, ondary are remarkably similar, even if several small details ap-
for all the measurements, whefg is the unspotted flux of the pearing on the ME maps are not found on the T maps and are
system at quadrature. The mean standard errors of the obseiff@refore not needed by the data. In particular, the secondary
tions turn out to be between 0.005 and 0.03 mag. The fits &dipse modulation can be reproduced, in most cases, by only
always satisfactory and small systematic deviations, especidliie large and smooth spot centered on the equator around lon-
during primary minima, can be accounted for by intrinsic lighitudes 180 — 210°. Its shape and extension changes in time,
fluctuations of the system (see Sect. 2). but it never extends beyond latitude°5@ther active regions

The derived covering factor distributions on the componeri§em to be present around longitude$ &ad 300, respec-
are displayed using IDL and plotted on Mercator maps. Spediiely. They appear in most of the ME maps and in several T
ically, the original maps, having squared pixels with a side &1aps.
18°, were smoothed for presentation purposes to maps with aThe main drawback of the T regularization is the presence
pixel side 5 times smaller using a bilinear interpolation (fun@f an high latitude spot pattern which is not actually needed to fit
tion REBIN of IDL) and then displayed as images (Figs. 5, &)€ data, as shown by the ME fits. Since the orbital inclination is
7 and 8). On the maps of the primary the longitude is measuf&pr 90, photometric data give very poor constraints on the high
from the substellar point in the direction opposite to the orbitkgtitude structures which are dominated by the regularization.
motion, whereas on the secondary it is measured from the dhis produces a uniformly grey area at high latitude, smoothing
tipodes of the substellar point, again in the direction opposte variation of the covering factor over the star surface and in-
to the orbital motion. Thus on all the maps the phase at whigfgasing the total spotted area (the situation is somewhat better
a given spot element crosses the central meridian of the steifathe case of Doppler imaging maps based on spectroscopic
disk is equal to its longitude. data, cf. Hatzes et al. 1996).

The ME maps of both components never show spots at lati- The distributions of the spotted area vs? l@ngitude bins
tudes higher than 45- 50°, so that polar spots are not neededre showninFigs. 9 and 10 for the G2IV primary and in Figs. 11
to fit the wide-band light curves even during eclipses when tR&d 12 for the KOIV secondary, respectively. The plotted distri-
resolution is increased due to the occultation of one compditions are those derived from the actual spot covering factor
nent by the other. Several small structures are present on @iributions, without any smoothing with the IDL REBIN func-
occulted hemispheres, but they are the result of image artiflé®§. The ME distributions give the lowest area per longitude bin
due to the ME regularization, the so-calleaberresolution ef- actually required by the data, for the assumed system parameters
fect(Narayan & Nityananda 1986). The actual resolution dénd unspotted magnitude. In the case of the ME distributions,
duced from the analysis of several simulated light curves wi@h estimate of the stability of the area per bin at constdrds
a pseudo-Gaussian noisecof: 0.02 mag and\/ = 40 normal been computed (see Sect. 3). Assuming= 2 x 102Fy, the
points is~ 20° — 30° on the strips occulted during eclipses antelative variations are always smaller than10%-15% and
~ 40° — 60° outside of them. Light curves with the same are within the dimension of the symbols used in the plots.
and a largef// have a somewhat higher resolution, but in any The maps obtained with the T regularization usually show
case structures smaller thar3040° should be regarded with & significantly larger spotted area per longitude bin than those
caution because they might be artifacts even within the eclipsefained with the ME criterion, due to the presence of the high
strips. latitude "grey caps”. Of course, the disk-projected spot area,

An alternative description of the spot pattern is provided Byhichis responsible for the photometric modulation, is the same

5.1. Light curve fitting and spot maps
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Fig. 1. The V-band light curve fits with the Maximum Entropy regularization from 1967 to 1981 (left panels) and the corresponding residuals
(right panels). Zero phase corresponds to mid primary eclipse.

within the data uncertainty. Figs. 13a, 13b and 13c for the G2 IV primary and in Figs. 14a,
Each distribution of spotted area vs. longitude can be repdb and 14c for the KO IV secondary, respectively. The relative
resented as the sum of a uniform tedgign, which is defined as uncertainties of the values dfrelated to the stability of the so-
the minimum spotted area common to all longitudes, and a telutions is between- 10%—25% for the primary component and
ap(l) which varies vs. longitudé The latter term often shows~ 5%—10% for the more luminous secondary. An additional
more than one relative maximum and minimum, thus suggesturce of uncertainty is the non-standard photometric system of
ing the presence of several preferred longitudes. some light curves, but the advantage of analysing data in differ-
ent systems is that the errors tend to become stocastic.
The total spotted ared for the primary ranges frora 1%
to ~ 8% for the ME models and from 1% up to~ 15% for
5.2. Overall evolution of the spot pattern the T models. As on the Sun, the total spotted area can be used
as an index of the overall magnetic activity. A Fourier analysis

The total area cov_ered by spo&s_z Ay + Ap, and the to- based on the Scargle method (Scargle 1982, Horne & Baliunas
tal areas of the uniform and longitude-dependent componeq 6) gives a period for the areal modulation of 5.4 yr with a

Ay = fOZ’T apdl and Ap = foz’T apdl, are plotted vs. time in
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Fig. 2. The V-band light curve fits with the Maximum Entropy regularization from 1982 to 1992 (left panels) and the corresponding residuals
(right panels). Zero phase corresponds to mid primary eclipse.

confidence level of only 5% for the ME solutions and of 9.8entrations are present up to 1989, with the exception of 1984,
yr with a confidence level of 87% for the T solutions. The passually centered around longitude, @ometimes with a some-
riodic modulation of the total area derived from the T maps ighat larger extension up to 100° — 12(° in longitude.

strikingly apparent from the plot, but such a result should be The overall migration of the spot pattern can be studied
considered with caution because photometric data have a lalao by a cross-correlation of successive distributions of the se-
information content on the overall spot distribution of the priguences in Figs. 9 to 12, respectively. In Fig. 15 we report the
mary. For the same reason it seems premature to derive anydistribution of the cross correlation shifts for the covering factor
tailed conclusion on the evolution of the active regions presatistributions on the primary. There is no evidence for a uniform
on the primary. We limit our consideration to the starspots lmigration in time and the results are probably dominated by
cated around longitude zero which are occulted during primaigndom fluctuations.

eclipses. Referring to the ME maps, in the 1979 light curve the The total aread of the spots on the secondary component
stronger concentration was centered around longitude &i® ranges from~ 3% up to~ 15% and the values derived from
had an extension of about 20n 1980 it has moved its centerME and T models agree quite well. A periodogram analysis
to longitude 40. In the successive ME and T models spot corshows a modulation with a period of 16.8 yr for both models
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Fig. 3. The V-band light curve fits with the Tikhonov regularization from 1967 to 1981 (left panels) and the corresponding residuals (right
panels). Zero phase corresponds to mid primary eclipse.

with confidence levels of 53% and 83% for the ME and the dnd which may therefore be a consequence of the noise in the
models, respectively. However, the presence of only one madata.
mum of activity in the analysed time span does not allow us to The absence of migration is confirmed also by the distri-
draw any definitive conclusion on the existence and period lmfition of the cross-correlation shifts (see Fig. 16) which show
an activity cycle on the secondary component. Even less sigqiaks around zero shift and £8¢hift, the latter being clearly
icant are possible periodicities in the variation of the uniformligue to the long-lived starspot centered around®18Q10°.
and non-uniformly distributed components of its spot pattern.

The active longitudes identified on the secondary do not
show any clear evidence for a long-term migration as for RS , ) .
CVn (cf. Rodom et al. 1995). In particular the active regior‘lls'?" Orbital period variations

centered around 180- 210° appears to be remarkably stable ) o )
whereas the less prominent active regions arouriché@ 300 | N€ epochs of primary minima listed by Pagano (1990) allow us

sometimes show small excursions in longitude with amplitudE%StUdy the variation of the orbital period since about 1900. In

between 20 and 50, i.e., comparable with the map resolutiorf 19+ 17, theO — C'residuals for the epochs of primary minima
are plotted vs. time. The ephemeris used to obtain the computed
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Fig. 4. The V-band light curve fits with the Tikhonov regularization from 1982 to 1992 (left panels) and the corresponding residuals (right
panels). Zero phase corresponds to mid primary eclipse.

epochs is that determined from the same data set by Pagsame data set of primary minimum epochs using non-parametric

(1990): methods which can test the hypothesis of a periodic modula-
tion under broader assumptions than Fourier-based methods.
HJD = 24266243817 +19832142x E (10)  Their results would suggest the presence of a short-term quasi-

) ) ) ) _ periodic oscillation of the orbital period with a period©f35
whereF is the number of elapsed orbital periods since the i & nearly twice the- 17 yr period for the modulation of
tial epoch. Fig. 17 shows that th2 — C"s modulation might e starspot area on the secondary component. However, given
be periodic with a period of the order of 100 years. Howevghe ncertainties on the modelling of the orbital period changes,
the present time series is too short to determine a reliable valyg, conclusion about its possible connection with the spot cycle

of the period of such a possibly long-term oscillation, also bgg, the secondary appears to be premature.
cause the shape of tlie— C diagram depends on the assumed

mean orbital period. When the long-term trend is filtered out, a
Fourier analysis with the Scargle method reveals also a period
of 43.0 4 0.5 years with a significance level 99%.

In a recent paper Jetsu at al. (1997) have investigated the
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Fig. 5. The distribution of the covering factor on the G2 IV primary corresponding to the Maximum Entropy regularized fits for the V-band light
curves from 1967 to 1992.

6. Discussion ratio, hence underestimating the luminosity of the secondary.
By considering spots on both components, we found a value
The first result of our analysis concerns the luminosity ratig % at the lower limit of those determined by previous inves-
of the two components in the V bangF2l = 0.59 + 0.03. tigators, probably because the effects of spots are stronger on
Ou_r value_is in agreement with the values given in the Iitergturﬁe luminosity of the secondary, thus leading to a higher value
which fallinthe range: B0—0.65 (Lee etal. 1986, Kang & Wil- of the Juminosity ratio when they are not adequately accounted
son 1989, Popper 1990). Indeed, previous determinations of {§¢ |n any case, our result can also be improved, since it might
luminosity ratio did not take into account the presence of Spgig sensitive to the adopted unspotted magnitude of the system.
on the binary components thus underestimating their unspgtmore detailed discussion on the problems encountered in the
ted luminosities. Only Kang & Wilson (1989) considered spotgetermination of the photometric parameters of RS CVn sys-
in their analysis, but they adopted a discrete model with twems can be found in Poe & Eaton (1985) and Popper (1988).
circular spots located on the secondary. Therefore they could |, the analysis of RS CVn binaries’ light curves, spots have

component and were forced to consider a changing luminosity
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Fig. 6. The distribution of the covering factor on the G2 IV primary corresponding to the Tikhonov regularized fits for the V-band light curves
from 1967 to 1980.

In the case of AR Lac, the presence of spots on the primary is The application of regularization methods, such as ME and
supported by the observations of changes in the slope of the @igaroved very usefulin our modelling of wide-band light curves.
scending and ascending branches during primary eclipse andbgy were introduced in the field of spectroscopic Doppler
the presence of compact plages up to coronal levels (Siarkowiskaging and their potentialities and drawbacks were widely
etal. 1996). The slope changes during eclipses can be interpretisdussed in that context (e. g., Piskunov et al. 1990, Cameron
as the photometric effect of the ingress or egress of spots locat®82, Unruh & Cameron 1995). Maps obtained from the same
on the G2 star (Roda@n1986, Rodoa et al. 1986). As noted spectroscopic data set with the two criteria are generally very
above, the information concerning spots on the primary, as psimilar if the signal-to-noise ratio of the dataﬁﬁz 150-200.
vided by wide-band photometry, is less accurate than for spbtswever, in the case of wide-band light curve analysis, the ME
on the more luminous and larger secondary. An unambiguausaps look different from the T maps, as can be seen by com-
and complete mapping of the photospheric inhomogeneitiespafring Figs. 5 and 6 with Figs. 7 and 8, respectively. Such a
the primary may be obtained only through spectroscopic tedlifference is due to the intrinsic low information content of
nigues such as Doppler Imaging (e. g., Vincent et al. 1993). photometric data, so that the regularizing criteria have a very
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Fig. 7. The distribution of the covering factor on the KO IV secondary corresponding to the Maximum Entropy regularized fits for the V-band
light curves from 1967 to 1992.

significant influence on the maps even for a theoretical signedliable information on the actual resolution provided by light
to-noise ratio of infinity. As noted in Sect. 5.1, the ME mapsurve modelling (see Sect. 5.1).

often show fine details which are absent in the T maps. They

are produced because, in the absence of sufficient information, L _

each pixel is driven towards the default value but different The T criterion does not suffer from superresolution effects,

pixels are not compared among each other since only the surff 't ténds to produce a large and smooth pattern on those re-

their "specific entropies” is maximized. Therefore, small scaflions for which the information is insufficient, such as polar

patterns may be produced with isolated and very dark pixels§fPS ©F longitude ranges corresponding to phase gaps in the ob-

place of a more extended area of less darker pixels, becausegfﬂrélfz""t'onsr'1 L bl . ideal
former configuration may give a lower total entropy (see also ror_n_t ese ar_guments_, Itis not possible o speC|f_y an ldea
Nityananda & Narayan 1982, Narayan & Nityananda 1986" gularizing criterion for wide-band light curve analysis. In our
In this context, only an analysis of a series of simulated lig pinion the best approach is to regard regularized maps as an

curves, computed from a known spot configuration, can give |Lrj1§ermed|ate stage of the analysis and use them only to derive

guantities which do not depend on the regularizing criterion it-
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Fig. 8. The distribution of the covering factor on the KO IV secondary corresponding to the Tikhonov regularized fits for the V-band light curves
from 1967 to 1980.

self, e. g., the spot longitudes, their changes in time and tihecrease due to turbulent decay of the magnetic field in the time
variations of the total spotted area. Absolute values of the totat (Priest 1984). In the hypothesis that the spot area decrease
spotted areas are not reliable since they depend on the unspaitethe KOIV star between 1970 and 1975 was due only to a
magnitude and the regularizing criterion adopted, but their timerbulent decay, we obtain:
changes show a very small dependence on both of them (see, 0o 1
in particular, Fig. 14 referring to the secondary component, f6r = 4x10°m?s (11)
Wh'?gg?ﬁ:gg;ﬁ:;’g: gfo trr"tg?; tgfl tsh%?tg;a;ezugﬁ;]eengZchc;?]z;such avalue is significantly larger than those deduced from typ-
component provides some hint forpan activity cycle-ol7 yr iGal single sunspot decay- 2x 10"m"s (Meyer etal. 1974)
but a time base of at least 4050 yr is needed to derive a’nyor Igrge sunspotgrou_p;s: 10°m 5™, but is smaller than that
firm conclusion estimated for the active component of RS C¥jn 2 x 10t _
The yearly éreal changes can be used to estimate the mmz 3 ~ (Rodord et al. 1995). Such large values are not unreli-
e since on a KO subgiant we expect that the length scale of

. . . . ~ M .
netic turbulent diffusivityr ~ 37, whereAAlis the spot area the turbulent convection might be much larger than on the Sun
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Fig. 9. The distribution of the relative spot area vs. longitude obtainddg. 10. The distribution of the relative spot area vs. longitude ob-
from the ME models for the G2IV primary. The area unit is the photdained from the T models for the G2IV primary. The area unit is the
spheric area of the component (see text). photospheric area of the component (see text).

(Schwarzschild 1975). analysis of a long-term photometric sequence of HK Lac show-

The analysis of the longitude distributions of the spottdfd the presence of two persistent active longitudes 420°
area on both components does not provide evidence for a rgm each other on the KOIIl secondary of this long period RS
ular migration, as found in other RS CVn systems (Catalafd/n system (Cih etal. 1997). Previous observational evidence
1983, Rodon et al. 1995). Conversely, we have some evidené@ active longitudes on short period RS CVn systems has been
for the existence of stationary active longitudes on both stapsovided by, e. g., Budding & Zeilik (1987), Zeilik (1991), Zei-
On the primary we detected a concentration of spot activii et al. (1994) but the suggested geometry is different (two
around the substellar point, even if the presence of other act@give longitudes around 9@nd 270, with one longitude usu-
longitudes cannot be ruled out. On the secondary there is a lad more active than the other at any given time).
active longitude around the substellar point, which appears in
all of the ME maps and in about 50% of the T maps. The ME Mean field dynamo models predict the possible existence
maps give also evidence for a sector structure with smaller asfdactive longitudes related to non-axisymmetric modes when
less persistent active longitudes arounél &3d 300, separated the amplitude of the stellar differential rotation does not exceed
by ~ 120° from each other. We believe that such active longabout half of the solar value. Only non-axisymmetric field ge-
tudes are real and are not due to, e.g., errors in the treatmenizoétries with an azimuthal wavenumber= 1 have been found
proximity effects because the spot pattern is not stationary,tade stable, but such a result may possibly be due to the many
we should expected in such a case. However, the unfavouratitaplifying assumptions of present mean field modeladler
orbital period and the short-term intrinsic light fluctuations caet al. 1990, Moss et al. 1991 [Riger & Elstner 1994, Moss et
mask the short-term evolution of the spot pattern and increadel995). Moreover, it is possible that the binary nature of the
the difficulty in detecting a photometric wave produced by spoRS CVn's has an influence on the activity of the single com-
which is apparent in, e. g., the prototype RS CVn. ponents (Schrijver & Zwaan 1991). Specifically, the presence

The results by Kang & Wilson (1989), though derived if stationary preferential longitudes may be related to perturba-
the assumption of spots located only on the secondary, mmns on the magnetic fields stored at the base of the convective
provide further support for the existence of active longitudes emvelope, due to tidal forces, which eventually trigger the emer-
AR Lac (cf. the clustering of starspots around longitudes Ogence of magnetic flux tubes.
180°, 27C in their Fig. 11). However, the location of their cen-  Polar spots are not required by our solutions, but this leaves
ters of activity cannot be directly compared with those derivathanswered the question of their existence, claimed by several
in the present analysis because we have allowed for spotsaothors (see, however, Hatzes et al. 1996 for a critical discus-
both components. sion of the related spectroscopic evidence). The presence of

It is interesting to compare the present results on the exigrge low latitude spots, as deduced by our eclipse mapping,
tence of a sector structure on the KOIV secondary with the recenfgests the existence of MGauss toroidal fields in the over-
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Fig. 11.The distribution of the relative spot area vs. longitude obtainddg. 12. The distribution of the relative spot area vs. longitude ob-
from the ME models for the KOIV secondary. The area unit is th@ined from the T models for the KOIV secondary. The area unit is the
photospheric area of the component (see text). photospheric area of the component (see text).

shoot regions below the convective envelopes of the AR Lgeometry of the coronae of AR Lac components suggesting
components (Sdissler & Solanki 1992, Sdissler et al. 1996). the existence of discrete active regions on both stars (Walter et
Toroidal flux tubes with field strengths exceeding<(2) x 10° al. 1983, Ottmann et al. 1993, White et al. 1990, Siarkowski
G should have unstable azimuthal modes with azimuthal oragral. 1996). The non-uniqueness problems in modelling the
m = 1 orm = 2, whose subsequent non-linear evolution can lseronal emission are even more severe than for the chromo-
quite complex (Caligari et al. 1995, Sidsler et al. 1996). spheric lines, due to the extended three dimensional structure
Inthe framework of the solar-stellar connectionitisinterestf the corona and the lack of sufficient spectral resolution to
ing to compare our results on the photospheric spot distributidistinguish unambiguously among components with different
with the information available on other atmospheric domaingemperatures. Therefore any conclusion on the association be-
The chromospheres and transition regions of the componemieen coronal emission and photospheric spots can only have
of AR Lac can be mapped by means of the Spectral Imagiag heuristic value.
technique, which has been applied to Mg Il k line profiles ob- The 1980 June X-ray observations analysed by Walter et al.
tained by IUE (Walter et al. 1987, Neff et al. 1989). The asyn{1983) have been modelled assuming a higher brightness of the
metric line profiles in the period 1983-1991, provided evidendéeading hemisphere of the G2 component, an extended coro-
for compact plages on the secondary component, whereasrtaecomponent on the leading hemisphere of the KO component
chromosphere of the primary was more or less uniform withaeand an inner component on its trailing hemisphere. Our maps
possible small difference in emissivity between its leading astiow a spot concentration around longitudé @A the leading
trailing emispheres (with the latter being about 20% darker thhemisphere of the G2 star and a stronger spot coverage on the
the former). The location of the chromospheric plages on thailing hemisphere of the KO star.
secondary provides some support for the sector structure sug-The maps derived by White et al. (1990) refer to X-ray ob-
gested by our photospheric ME maps (cf. our maps with Fig.srvations obtained in July 1984. Unfortunately the 1984 optical
of Pagano et al. 1994). Plages seem to be usually located Higgat curve is among the poorest covered so that a fully meaning-
the borders of the largest photospheric spot concentrationstul comparison is not possible. However, their model lla shows
solar-like atmospheric stratification is strongly suggested by tkeme general correspondence with our spot maps. A stronger
presence of a bright plage associated with the extended spot agreement is found between their ME maps corresponding to
centration around the substellar point on the KOIV star. Suchitee same model and our ME maps. In particular, compact active
plage seems to be a long-lived structure, possibly slowly miegions are found on the sides of the two stars facing each other,
grating from longitude~ 16C° to ~ 220° during the period around the substellar points.
1985-1991 (Pagano 1993). A large coronal structure extending from the inner emishere
The analysis of X-rays light curves has given hints on ttef the secondary towards the primary and a smaller structure on
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Fig. 13a—c.The total spotted ared (a), the area of the uniform, evenly Fig. 14a—cThe total spotted ared (a), the area of the uniform, evenly

distributed spot componert; (b), and that of the discrete, longitudi- distributed spot componenty (b), and that of the discrete, longi-

nally dependent spot componehp (c), vs. time for the G2IV primary. tudinally dependent spot componesb (c), vs. time for the KOIV

The open symbols refer to the areas derived from the ME models, #ezondary. The open symbols refer to the areas derived from the ME

filled symbols to the areas derived from the T models, respectively. Timedels, the filled symbols to the areas derived from the T models, re-

areas are normalized to the photospheric area of the G2IV componspectively. The areas are normalized to the photospheric area of the
KOIV component.

the outer emisphere of the primary is suggested by Siarkowski’s
(1992) analysis of the same light curve. Also such a model is in Inthe light of the above results, we may conclude that a gen-
general agreement with the longitudinal spot distribution fouretal association in longitude among spots, chromospheric and
by the present analysis, even if the regions of strongest X-regronal plages is suggested by the available data for the com-
emission near the stellar photopheres do not completely oventagments of AR Lac (cf. Catalano et al. 1996 for a discussion
with the spot concentrations. of similar evidence in other RS CVn stars). More compelling
The ROSAT observations of June 1990 have been modelladdence has been found for the large spotted region on the side
by Ottmann et al. (1993), whose model | is in general agreafthe secondary facing the primary, between longitudes 150
ment with our ME spot maps. However, the spot concentratiand 220, which appears to be associated with bright and com-
around longitude 180on the primary has no correspondent ipact chromospheric plages and an extended coronal structure,
the coronal model, as well as the starspots around longitugessibly interconnecting the two stars.
40° and~ 160° — 210° on the secondary. It should also be Another fundamental problem is that of the orbital period
noted that no phase independent component has been asswagdtions, which have been related also to magnetic activity
by Ottmann et al. (1993) in their model, whereas our maps sh@vall 1990, Applegate 1992, Lanza et al. 1998). It is not pos-
a uniform spot background on the KO component. sible to perform a detailed test of Applegate’s (1992) model as
Siarkowski et al. (1996) have presented a three dimensiodahe for the prototype RS CVn (Rodwmet al. 1995) because in
model of the X-ray light curve observed by ASCA in June 199%&e case of AR Lac we have no firm results both on the activity
Itis interesting to note the extended coronal emission intercarycle and the rotation rate of the two components. However, the
necting the two stars and the preferential location of corormlggested orbital period modulation with a perioccof35 yr
plages on the emispheres of the components facing each otimay be related to an activity cycle ef 17 yr length according
Even if a detailed comparison is not possible because our lighthe mechanism proposed by Lanza et al. (1998) to explain the
curve sequence ends in 1992, their results support the presarizserved behaviour of RS CVn (cf. also Rodaat al. 1995).
of an intense and long-lived activity center near the substellEine presence of an activity cycle of 17 yr is indeed suggested
point on the secondary component, where the feet of the intby-the present analysis, but a definite conclusion has to wait for
connecting loops may possibly be rooted. Some evidence &least one or two more decades of additional data.
Mg Il k emission from cooler material near the barycentre of We note thatthe secondary star is more likely to be responsi-
the system has been also provided by Pagano et al. (1994).ble for the orbital period modulation because its radius is 1.8 that
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Fig. 17. Orbital period variations of AR Lac vs. time. Th@ — C
residuals were computed adopting the ephemeris reported in the text.

detail the capabilities offered by the ME and T criteria for map
regularization. Itis necessary to use both criteria in order to find
out the image artifacts and the sistematic errors associated with
the specific hypotheses of each method.

The main results concerning the magnetic activity of AR
Lac are the evidence for compact starspots on the primary and
0 100 P 00 50 Z00 a sector structure of the active longitudes on the secondary

longitude shift (deg) star, with a general longitudinal association among magneti-
cally controlled emission at different atmospheric heights. In

Fig. 16a and b.The distribution of the longitude shifts giving the max- e ar, the large active region around the substellar point on
imum cross-correlation between successive yearly spot dlStrIbutI(? S

for the ME models4), and the T modelsb) of the KOIV secondary, e s_econdary shows itself not only at photospherlc levels but
respectively. also inthe chromosphere and corona, with an extended structure

which might well be an interconnecting loop between the two

stars.
of the primary and the variation of its gravitational quadrupole The existence of low latitude starspots on both components
moment is therefore- 20 times larger than expected for theean be another important constraint for dynamo models. The
primary, assuming the same relative variation of the kinetic apdssible association between orbital period modulation and the
magnetic energies along the activity cycle (cf. Applegate 19%tivity cycle of the secondary suggests the same kind of be-
Lanza et al. 1998). haviour described by Rodoret al. (1995) for RS CVn, but at
least one or two decades of further observations are required to
confirm such a prediction.

In particular, a longer time baseline is needed to establish
The adopted approach to the study of the activity of AR Lac hdghe activity levels of the two stars undergo overall cyclical
proved fruitful. More reliable values of the unspotted luminosimodulations or fluctuate stocastically.
ties of the two components have been obtained in the framework Wide-band observations by a network of ground based tele-
of a self-consistent method which takes into account the presopes well distributed in longitude will overcome the difficulty
ence of brightness inhomogeneities on both stars. The analydiscquiring complete light curves from a single site. More-
of the AR Lac light curve sequence has allowed us to studyawer, spectroscopic observations will be extremely useful for a

o UL B R UL LY R U Wy UL R R

7. Conclusion
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more detailed mapping of the two components (Vincent et &lall D. S., 1976, in Multiple Period Variable Stars, Ed. W. S. Fitch,

1993). Further observations in the UV, IR and X-ray spectral AU Coll. 29, p. 287

domains are also needed for a better understanding of the thi#@l D. S., 1990, in Active Close Binaries, Ed. C. Ibanoglu, Kluwer

dimensional structure of the atmosphere and the role played byAc- Publ., p. 95 _

the magnetic fields in its dynamics and energetics. HatzesH. A., VogtS. S.,Ramseyer T. F., Misch A., 1996, ApJ 469, 808

Horne J. H., Baliunas S. L., 1986, ApJ 302, 757
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